
The Evaluation of Butterfly Pea ( Clitoria ternatca L.) 
Genotypes for their Production Potentials 
under varying Environments 


THESIS 

SUBMITTED TO THE 

BUNDELKHAND UNIVERSITY. JHANSI (UP) 


FOB THE DEGREE OF 

DOCTOR OF PHILOSOPHY 
(BOTANY) 


UDAI PAL SINGH 


NATIONAL RESEARCH CENTRE FOR AGROFORESIRY 
IHANSI-28«>03 INDIA 



DEDICATED TO 


LATE TH. A.R. SINGH ( Father ) 


AND 


LATE TH. R.B. SINGH ( Father- inlaw ) 




Dr. R. Deb Roy 

EX-DIRECTOR 

NATIONAL RESEARCH CENTRE FOR 
AGROFORESTRY, JHANSI-284 003 
& 

SR. CONSULTANT (FORESTRY / AGROFORESTRY) 
AGRICULTURAL FINANCE CORPORATION, 
NEW DELHI -110 058 


RESIDENCE 
387-B, SARITA VIHAR 
NEW DELHI-110044 
PH: (Oil) 6946338 


Dated 20* Dec., 1997 


CERTIFICATE 

It is certified that this thesis entitled The evaluation of Butterfly Pea 
(Clitoria tematea L.) genotypes for their production potential under varying 
environments is an original piece of research work done by Shri U.P. Singh , M.Sc. 
( Botany) , Sr. Scientist IGFRI, Jhansi under my supervision and guidance for the degree 
of Doctor Of Philosophy (Botany), Bundelkhand University, Jhansi. 

I, further certify that; 

- The thesis has been duly completed 

- It embodies the original work of candidate himself 

- The thesis fulfils the requirements for the Ph.D. degree of the 
Bundelkhand University 

- It is upto the required standard both in respect of its contents and literary 
presentation for being referred to the examiners. 

- The candidate has worked under me for the required period (200 days) at 
National Research Centre for Agroforestry, Jhansi. 


DECLARATION 




1 hereby declare that the thesis entitled The evaluation of Butterfly 

pea (Clitoria ternatea L.) genotypes for their production potentials in 
varying environments being submitted for the degree of Doctor of Philosophy 
in Botany, Bundelkhand University, Jhansi (U P) is an original piece of research 
work done by me under the supervision of Dr. R. Deb Roy Ex-Director, NRCAF, 
Jhansi and to the best of my knowledge, any part or whole of this thesis has not 
been submitted for a degree or any other qualification of any university or 
examining body in India/ elsewhere. ^ j. 


(U. P. Singh) 

Sr. Scientist 
IGFRl, Jhansi (UP) 


ACKNOWLEDGEMENTS 

Taking any research programme from conceptualisation to final report writing is an inter 
dependent effort and 1 have many to thank for their valuable help and support in the present 
case also. 

Dr. R.Deb Roy, Ex-Director, National Research Centre for Agroforestry, Jhansi and 
Senior Consultant (Forestry /Agro-forestry) A.F.C. New Delhi, my supervisor, provided all the 
conceptual foundation for this work. 1 have a great pleasure in expressing my deepest and 
profound* sense of gratitudes to him for his personal support, active participation and the 
congruence throughout the study. 

Dr. Panjab Singh, the then Director, Indian Grassland and Fodder Research Institute 
Jhansi, granted me the administrative permission for higher studies and study leave for the 
purpose. 1 am deeply indebted to him for his constant support and encouragement. 

Dr.C.B. Singh lix-1 lead. Division ol’Plant Improvement, IGFRl, Jhansi has had profound 
influence on this study having provided seasoned advice on technical issues and personal encour- 
agement. 1 am grateful to him. 

Dr. Bhag Mai, Director IGFRl gave valuable encoiiragemeni and support in weaving 
pragmatism in to these pages. 1 am thankful t(^ him for all his help. 

Dr. K.R.Solanki, Director NRCAF, Jhansi gave many valuable sugge.stions in finally 
shaping the manu.soript and 1 would like to record my gratitude for this favour. 

Ov. (jopfA- p 

Dr. R.P.Singh, Dr.S.N.Zadoo^Dr.P.Rai helped me with their mature advice and talented 
guidance. 1 am highly thankful to them. 

My friends from IGFRl and NRCAF have contributed in many ways, 1 would be failing 
in my duties if 1 do not acknowledge the helping hands extended by Dr/ Sh. A.K.Shrivastava, 
A.K.Roy, G.P.Shukla, V. Rama Murthy, Sanjeev Gupta, P.K.Katiyar, G.P.Nigam, P.K. Dwivedi 
without which all my efforts would not have taken the present shape. I have a deep sense of 
gratitude for them. 


Sh Balram and Sh. Jagdish assisted me in field activities. Sh. Venny Joy and Sh.K.P.Rao 
provided skillful assistance in organising this thesis. 1 wish to thank them for this help. 

My wife Shashi Prabha, son Udit, daughters Deep Shikha and Poonam during this course 
of study willing shared the household responsibilities and allowed me tension free time to 
concentrate on my studies. They had been constant source of encouragement and deserve a 
special mention here. Special thanks to Sh. R. P. Singh, my elder brother and Sh. M.M. Agrawal, 
Kakashree for their encouragements. 


Many other colleagues and friends too numerous to name, contributed ideas 
and comments throughout this study and for bringing the manuscript in its ultimate shape. For 
those unsung contributors 1 am grateful. 



{IJ.P.Singh) 


CONTENTS 


Description 

Page number 


Details of tables 

i "■ V 


Details of figures 

vi - vii 


Details of plates 

, viii ' 

- 

Introduction 

1 - 3 


Review of literature 

4 - ! ::5 


Materials and Methods 

14 3H 


Results 

29-111 


Discussion 

112 - 125 


Summary 

126 - 132 



\ ■ 


Bibliography 

133 - 156 




DETAIL S 


O F 


TABLES 


Sex'ial No. Title 


1 Important Clitoria species at a glance. 

2 Medicinal properties of C.ternatea Linn. 

3 Source of origin, qualitative and quantitative 

characters of selected strains of C.terna.teei. 

4 Genetic resources and their sources ot uiigin in 
C.ternatea. 

5 Mean, range and coefficient of variation for differ- 
ent morphological and fodder yielding attributes 

in 92 genotypes of Clitoria ternatea . 

6 Range ^rnd percentage distribution of 92 geuiotypes of 
C.ternatea in different groups. 

7 Range, mean and coefficient of variation in phenotypic 
characters, yield and quality parameters of C. 
ternatea . 

8 Grouping of C. ternatea genepool in respect of their 
total index VtiLue Cl'lV), source and nuitil,>i-t- ul. act.'e.s 
sions . 

9 Grouping of C.ternatea genepool in respe<M of 
TIV.S and name of acces.nions. 


the L r 


Serial No. 


Title 


10 


11 


12 

13 

14 

15 

16 

17 

18 


Percentage distribution of genotypes of C. ternatea in 
different groups, TIVs, number of accessions and source 
of origin. 

High, medium and low expression of characters and total 
index value (TIV) of 15 selected genotypes of C. 
tez'natea and their source of origin. 

Characterization and cataloguing of 92 accessions of 
Clitoria ternatea . 

A key for the classification of C. ternatea genepool . 
Effect of different sowing depths (cm) on germination 
of C. ternatea genotypes. 

Effect of different soil types and their combinations 
on germination of C. ternatea genotypes. 

Effect of different temperatures ('"'c) on g.,:,rmi nation 
of C . ternatea genotypes. 

Effect of different colours of lights on g.; i: rnination of 
C. ternatea genotypes 

ANOVA of G ,X E interaction for fodder, crude pro- 
tein, .seied yield and forage yield ct )mpf ment.s in 
C. ternatea genotypes. 


(ii) 



Serial No. 


Title 


19 


20 


21 


22 


23 


24 


25 


Stability parameters of individual genotypes in 
C. ternatea . 

Range, mean and coefficient of variation in relative 
growth rate (RGR) of leaf, stem and plant ( leaf + 
stem) in genotypes of C . ternatea (on dry matter basis) . 
Mean, dry matter yield (g) of leaf,, stem, plant (leaf 
+ stem) and leaf/stem ratio in C. ternatea geno 
types . 

Correlation coefficient between the reJ.atcive growth 
rate (RGR) and its dry matter yield (DMY) at the 
beginning and at the end of the each growth period and 
L\S ratio in C. ternatea genotypes. 

Effect of intercropping treatment combinaLirrris on 
plant height (cm) in the component species. 

Effect of intercropping treatment combinations on 
branch number /tillers per plant in the component 
species. 

Effect of intercropping treatment combinations on 
crude protein .contents (%) in the component species. 


Title 


Total dry matter yield (t/h) and crude protein (t/h) 
of grass and legume components (on the basis of three 
years mean) in different treatment combinations. 

Dry matter yield (t/h) and percentage contribution 
* y.n grass and i equine components i ri differ- 

riit intercropping treatment combinations. 

'.i-r'tal crnde protein y’lud (t/h), CP content i"?:) and 
che percentage CP contribution from component spe- 
cies in different intercropping treatment combinations. 

Comparative performance for dry matter yield (t/h) 
of gt ass legume components in diffeerent intercrop 
ping treatment combinations. 

Comparative performance for crude protein yield (t/h) 
of grass- legume components in different intercrop- 
ping treeitment combinations. 

Ivifect: of cutting X ti'eatnients on dry matter yield 
(t/h) of C.ternatea in different intercropping 
Li eatiiient cuinbinaLions . 


(iv) 


tresitments on dry matter yield (t/h) 


C.ternatea. in different intercropping treatment 


['; fleet of cutting X years on dry matter yield (t/h) 
of C.ternatea in different intercropping treatment 


Effect of treatment X cutting X years on dry matter 
yield (t/h) of C.ternatea in different intercropping 


Effect of treatment X cuttings on CP content (%) of 
C.ternatea in different intercropping treatment 



Effect of treatment X years on CP content (%) of 
C.ternatea in different intercropping treatment 


Effect of cutting X years on CP content (%) of 
C. termitea in different intercropping treatment 


Effect of treatment X cutting X years on CP content 
(%) of C. terndtea in different intercropping treatment 



DETAILS 


O F 


FIGURES 


r . No 


Title 


source 


of 


Genepool of Clitoria ternatea and its 
origin. 

Rainfall (mm) and relative humidity (%) pattern during 
the study period. 

Ombrotherrnic diagram obtained during the study period. 
Temperature (®c) and rate of evaporation (rnm/day) 
during the study period. 

Grouping of C . ternatea genepool in different vigour 
g:roups . 

Stability parameters (bi and S^di) for GFY (t/h) in 
the genotypes of C. ternatea. 

Stability parameters (bi and S^di) for DFY (t/h) in 
the genotypes of C. ternatea. 

Stability parameters (bi and S^di) for CPY (t/h) 
in the genotypes of C. ternatea . 

Stability parameters (bi and S^di) for seed yield 
(t/h) in the genotypes of C. ternatea. 

Stability parameters (bi and S^di) for plant 
height (cm) in the genotypes of C. ternatea. 


10 


Sr . No . 


Title 



Stability parameters (bi and S^di) for branch number 


di) for GFY / plant 


Stabil ity pararnete 


(g) ill the genotype 


tability parameter 


genotypes of C . ternatea 


ratio in the genotypes of C . ternatea 


(vii) 





Variation in flower colour in Clitoria ternatea L 


Variation in seed coat colour in Clitoria ternatea L 


tand of legume + grass {Clitoria + Cenchrus ) 


Mix stand of legume + grass {Clitoria + Chrysopogon ) 


Mix stand of legume + gi"ass {Clitoria + Heteropogon) 


^ I 1 ^ 







INTRODUCTION 


The availability of nutritious Ibdder from arable and non-arable areas is vital to 
increasing animal productivity in this country, f he major source of cattle feed is through pasture 
crops and the native grasslands besides other sources such as the food crop residues, cultivated 
fodder crops. The grasslands in this country are located on badly eroded soils which are very 
poor in fertility and moisture retention, 'fiie present day grasslands are in a highly degraded 
state providing low biomass ofpoor nutritional quality. These native grasslands are dominated 
by different grass species namely Sehima nervosum, Dichanthiurn aimulatiim, Cenchnis 
spp., Ikleropop;on con tor I us, Phragmifes spp., Sachharim Spp, Themeda spp.,lseilema spp. 
etc. (Dabadghao and Shankarnarayan, 1973 ). These indigenous grasses are low in protein 
content tind poor in digestibility. Unlike grasses, which dominate productivity, the protein rich 
legume species are represented in very low number and their contribution to the overall 
productivity of the grassland is also meagre. Some of the frequently occurring legume species 
in the grassland axe Atylosia scarabaeoidcs, Alyskarpus rugosus, A. vaginalis, Zornia diphylla 
etc.( Kanodia, 1984 ). Hie natural grasslands are localised in the tribal belts of Madhya Pradesh, 
Maharastra, (iujrat. Rajasthan and Uttar Pradcsh.These areas are traditionally being lused by 
tribal communilies lor their day to tlay requirement of fuel, fodder and animal grazing 
(.lodiui, 198.S; Agravval, 1988). 


The widespread malnutrition of the grazing animals in India is mainly attributed 
to protein hunger of the animals. The high cost of chemical fertilizers for improving forage 
production and quality puts tliem beyond the reach of the poor farming communities. 
Furthennore a wide scale use ofchetnical fertilizer in the native grassland is also environmentally 
hazardous and. therefore, not recommended, 'fhe cheapest way to improve forage quality, 
world over, has been through increasing the occurrence of productive forage legumes in the 
native grassland. Grass-legume pastures are known to improve the herbage quality (Trinbath, 

1 974; Whana and Millar, 1 978; llazra, 1 988) and soil status in term of organic carbon , available 
nitrogen and phosphorous (Singh, 1 988; I lazra and Behari, 1993). Besides these the legumes 
also help in changing soil structure and increasing soil binding capacity as well as checking 
weed infestation in grasses and cereals (Schofield, 1945; King et «/. 1 965). Introduction of 
legume species as an intercrop with grasses has begn recommended by many workers 
(Donald, 1963; Shankarnarayan et a/. 1975; Velayudhan at e/,1977 & 1979; Chauhan and 
Faroda, 1979; Kanodia, 1984; Dwivedi e/ a/, 1991; Hazra, 1995). ; 


Over llic past few decades a number of productive pasture legumes such as 
h hicropteliuni, Ssylosanihes. ( 'cnfrocrnni. DeswocHum, Dolichos, Clitoria etc. have been widely 
exploited for tlie improvement of native pasture in the arid and semi-arid areas of the world, 
f or the degi aded grasslaiuls the best land use system is grass legume intercropping for reducing 
soil vvaler loss and for improving the physico-chemical properties of the soil (Iiazra,1988). 

Amongst the indigenous legnines, ( 'li/oriti Icnni/CtL a produilive p.islure 
leennu.;., lias sliow ii wiile iange ofadairlability and persistency in arid to warm-humid areas of 
tile o tunir) i W hvle cl al. , 1 ‘toO; Chakravarly. I Singh and Singh, 1 988; Singli ant! Ciupla, 

1 ‘)') ! j. i nlrotiuelion of ( 'Uloriii in ( 'enchrus based pasture signillcantly increased total nutrient 
oui iiHsi as enmpiaret! to ( '('//(-•/.'/■//.y alone (Velayudhan e/o/.. 1976). 

( 'liloria icrnaiea I ,inii. commonly known as Butterlly pea or / Aparajita is 
vvideiy distributed in the warm humid tropics of Africa, Asia and Central America. It is a highly 
persistent long term perennial legume adapted to medium to high rainfall situations 
(Crowder, 1974; Crowther and Staple, 1978). Considerable wealth of information has been 
collected by Australian scientists on the genetic diversity, adaptability and production potentiality 
of this legume as sole or mix crop with pasture grasses (Cameron and Mullay, 1 969 ; Reid and 
Sinclair, 1 980; Fantz, 1 99 1 ; Hall, 1 985 & 1 992). Wide genetic diversity in the different regional 
accessions of Clitoria has also been observed in the Indian material (Singh and Singh, 1988) 
and in the American and old world materials (Reid and Sinclair, 1 980). Direct selection of high 
yielding strains from germplasm has resulted in the release of a composite variety namely 
‘Milgarra’ in Australia (Hall, 1992). 

Clitoria seed is characteri.sed by hard seededness which accounts for 
dormancy over long periods of storage. Considerable variation exists for flower colour, seed 
shape, size and seed coat pigmentation. Prolonged periods of storage helps in overcoming 
dormancy to some extent (C ha tterji, 1966; Mullick and Chatterji, 1967; Hall, 1992). Seed 
scarification through treatments such as hot water , concentrated sulphuric acid and potassium 
hydroxide have been recommended to overcome the problem of hard seededness and to achieve 
adequate germinability of seed (Mullick and Chatterji, 1967; Bogdon, 1977). 

Although Clitoria is indigenous to India but it remains under exploited so 
far . High production potential of Clitoria has been, reported for Rajasthan (Chakravarty, 
1 970) and Uttar-Pradesh (Singh and Singh, 1 988; Singh and Gupta 1991). Clitoria is endowed 
with excellent forage quality as its crude protein content varies from 1 3 to 25 % on dry matter 
basis and has more than 70 % digestibility (Katiyar et al. 1 970; Upadhyay and Pachauri, 1 983 ; 
Adjei and Fianu, 1985). 


CHloria being a creeper is a heller competitor than the companion grasses in 
inicivei’iting pliotosy lUlielic energy, hut is s!uw growing at the initial stages w-hen it is subjected 
to inlcnse grass competition for moisture and nutrients. liaiiy growth vigour is important for 
successful introduction of the legume in the grasslands. Studies have revealed considerable 
variation in the relative growfh rate (RGR) of the different cultivars at the different stages of 
plant growth (Singh and Singh, 1988). 

Despite the paramount importance of Clitoria lernalea for improving the 
prodiiLtixil) of the native pastures in India, tlie research elforts made so far on the aspects of its 
SLiccessrul introduction in the different types ofgrasslands are scanty and scaitcred. Cliloria is 
a climber as well and forms a thick canopy over the bushes to provide nutritious feed for the 
bi'ovvsing animals. .A sih i--pa.sture s)'.stem (in\olving Clitoria, grass and subabul ) offers scope 
islAavaiing piaUein rich pasture for rmiiul (he year use. 

In the present study a sizable coliection oi'Clitoria ternaiea genotypes have 
been made from dilTerent parts of the country !r)r studying the genetic diversity, classifying the 
materials and identifying desirable types. Since establishment of a legume pasture depends on 
proper plant stand whicii in turn depends on seed quality, detailed studies on germination 
behaviour of the polymorphic seeds under different environments were undertaken. The present 
study addresses to the problem of Clitoria introduction in different types of native grasses 
such as Cenchrus ciliaris, Chrysopogon fulvus and Heteropogon contortus and the tree legume 
Leiicaena leticoccphala and the associative response of different combination of grass-legume 
pasture. 











REVIEW OF LITERATURE 


! 'he Lc giiniinosae (Fahateae) comprises of about 700 genera and 1 8,000 species 
vviiicli inciiidcs hci'baceous plants, shrubs, trees and climbers. The Leguminoseae are divided 
into thicc tribes viy,. C;ic\salpinoideae, fvliiriosoideae and Papilionoidcac. The Pajiilinoidcae 
(also desc!-ihed as h’abacc-ae. haboideac. 1 .otc-ideae or Papilionacae) is the most useful tribe and 
pro\ ides a very large iiiiiriber ol' important crop plants to mankind. I’he genus Cliio'-ia com- 
prises of about 60 species distributed mostly in humid and sub-humid tropics and lowlands of 
old world (Bogdan, 1977: Fantz, 1991 ). The genus belongs to Papilionaceae and is characte- 
rised by iruiltieo loured, I'csupinate, papilionaceous (lowers with infundibular and persistent 
bracleoics, stalked ovary with gencculate and bared style (I'antz, 1991). The growth habit 
varies from small her b to creeper, liana (true creeper), under shrub and trees ('fable 1). The 
genus is important as it has very high medicinal, ornamental and forage value. Some of the 
species such as Clitaria marina, C. fiilcaia, C. Jairchildiana have fragrant mauve coloured 
flowers of ornamenta 1 iinportance (Allen and Allen, 1 981 ; Arora and Chandel,! 972; Arora 
and Singh, 1987). 

I'he C/itoria lernalea Idnn. is one of the most important species of genus 
Clitoria which has manifold uses such as ornamental / medicinal and forage value etc. Basically 
this specie.s is native of' tropical America (Bermudez et al 1968) but later became more 
acclimatized in the humid and sub-humid tropics of Africa, Asia and Central America both 
naturally as well as aiT escape from cultivation (Fantz, 1977). Its centre of maximum diversity 
is located in central and south western India (Whyte, 1969; Mehra and Magoon, 1 974; Arora 
and Singh, 1987), Widespread use of this species is mentioned in several ancient books of 
Ayurveda .such as; C'h arak Sanhita, Vag Bhatt, BrindManav, Shodal and Sarangdhara Sanhita 
etc. (Singh and Gupta, 1 99 1 ). 

The genus wvas first named by Breyne (1678) as ‘FLOS CLl fORIDiS 
'ITRNAl'NSlBl IS ' flic Portuges Vernticular ntiine ‘fTJLA F.RIQIIA’ wa.s derived from the 
flowers (Ruinpl', 1 747), later on the Spanish work ‘C()NCIiri A’ found in vernacular names 
TBFJlliP DF CONCTHTA’ or ‘Conchita azaP and Conchita blauca {Clitoria ternaiea) which 
has sexual coiiiiolalioiiii i reierciicc to its medicinal use in child birth as a stimulant (Gooch and 
Paudes, 1978;(jarcio-Pelayo and Gracs, 1979; Dobois Chadicr, 1986). Many other synonymic 
names are also aval lal>lc i n the literature such as Butterfly pea (in English), Blue pea or Kordofan 
pea (Sudan), Cunha( Brazil) and in Philippines it is named as Pokindong (Fantz, 1977; Mall, 
1985). Similarly in different Indian languages, the species is named as Titali matar (Hindi) 


Importiint Clitoria species at a glance. 


i i ci I3 X t 


A. Creeper or vine 

I ’ / it . !/■ i .1 ( ( ' / / I. H ( \ i 

Cl i tori a fa 1 ca ta 

Cl i t ori a h e t erophyl 1 a 

Clitoria javanica 

B. Liana or climbing type 

Clitoria arborescens 
Clitoria javitensis 
Cl i toria lasci va 

C . Herb 

Clitoria marina 

D. Under shrub 

Cl i tori a Ian i fol i a 

E. Tree 

Clitoria glaherrima 

Cl i toria fa i rc h i 1 diana 
(C. receinosa) 

Clitoria dendrina 

Clitoria brachystegia 


Flowers size and colour 


H ! u i:.‘ , b 1. ue V i o i e t or 
white, 4-6 cm 
White, 4-6 cm 

Blue, 2.5-3 cm 

White, 3-4 cm 

Violet, 4-6 cm 

Pink or rose colour, 6.5-8 cm 
Blue, 5. 5 -6. 3 cm 

Lilaceous or lily white, 4-6 cm 

White , 4-5 cm 

White , 3-3.5 cm 
Violaceous, 4-6 cm 

Dark purple, 3-4 cm 
Violaceous, 4-6 cm 


Aparajiu! (Sanskril). Vishnu kanta (iicngah ), Sankhu Pushpum ('famil), Ciokarna (tlovvcrs 
shape iike that of cows ears) in ( iujrali. Other synonyms are Kalijar, Kakanam, Koyal etc. 
{Sini’h arul ( iupla, I 1 ). 

Butlerlly pea is cytologically diploid with chromosome number 2n == 1 6 (Darlington 
andWin lie, 1955). It is sell-pollinated crop but 5 to 10% out-crossing has also been report- 
ed and segregating genotypes have been identilled within natural population (Crowder, 1 974). 
This species has been widely researched for its medicinal use by many authorities (Sanyal and 
Chose. 1934; Burkill. 1935; Chopra et al. 1949& 1958; Quisumbing, 1951; Hocking, 1955; 
Gardener and Beneite. 1956; Dastur, 1962;.Iayaw'eera, 1981 : Kirtikarand Basu, 1918; Mortan, 
1983; Ambasia, 1 986; Duke, 1 986; Abbiw, 1 990). Different parts of the plant are being used in 
various disorders of human being as well as in livestock (Tabic 2). As per the information 
available it lias desirable quality fodder with 13-25 % crude protein on dry matter basis and 
more than 70 % digestibility (Katiyar el al, 1970; Upadhyay and Pachauri, 1983; Adjei and 
bianu, 1985; Singh and Gupta, 1991). A compound named as 'Aparajitin’ ((d^jH^ijO,) was 
reported by l ivvari and Gupta (1959) from alcoholic extract of dried leaves and determined 
chemical content named as; ‘()-I.actoseof2-incthyle-4-hydroxy-n Penta casonoic acid’. Aiyar 
el al ( 1 973 ) isolated heta-sitasterol and Aparajitin from leaves and also reported Kaempferol- 
3 rhmnoglucoside and P-hydroxycinnamic from seeds. The testa and cotyledons are full of 
starch (Nadkarni, 1927). The seeds of C. lernalea have fixed oils, tannin and bitter resinous 
compounds (Allen and Allen, 1981; Ambasta, 1986). An yellow oil ‘Gamma sitesteroT was 
reported by Sinha, (1960 a). Hexacosanol hetasitosterol and an anthoxanthin glucosides were 
isolated by Gupta and Lai (1968). • 

The divergence in relation to breeding system has indicated that the morphological 
parameters had the largest contribution to genetic diversity in various crop species (Murty and 
Arunchalam, 1 966) and similarly D- analysis and other advance methods in biometric research 
were successfully used for the grouping and the classification of large number of accessions in 
many crops like Drassica, Sorghum, Avena etc. (Rao, 1952; Murty and Quadri, 1966; 
Arunachalam and Ram, 1967; Rana and Murty, 1971; Mehra el al 1970 ; Nair and Gupta, 
1977). 

Metroglyph and Index scoring method (Anderson , 1 957) have been used to study 
the variation pattern in various crops. Many workers followed this method for the classification 
of genetic material of several crops such as; in sorghum (Mehra el al 1 970), maize (Mukherji 
et «/. 1971) and in lablab/field bean (Singh and Singh, 1992). 

1’ irst catalogue on world collection of sorghum was developed by Murty (1967) 
which identified several resistant lines to specific disease and pests. Later several catalogues 


Teible 2: Medicinal properties of Clitoria ternatea linn. 


D :i be o 1 ' d e i ' /' qii c'i i. .i,. t y 

Part used 

Reference 



I. Infection due to sting /or animal bite 



Scorpion s t i.ng 

Roots 

Chopra et 

al. 1949 

Sc 1958 

Snake bite 

Roots 

Chopra et 

al. 1949 

Sc 1958 

Tapeworm 





(Antihelminthic ) 

Seeds 

Dastur, 1962; Quisumbing, 


II. Gastro-Intestinal 

Ant i dysentery 
Apertent 

(laxative medicine) 
Cathertic 

Laxative 


Purgative 

Ulcers 


1951 


Flowers Morton, 1983 

Roots Quisumbing, 1951; Jayaweera, 

1981; Duke, 1986 

Roots Chopra et al . 1949 & 1958 

Dastur, 1962; Jayaweera, 
1981; Ambasta, 1986 

Roots Hocking, 1955; Jayaweera, 

1981 

Root bark Chopra et al . 1958 

Seeds Dastur, 1962; Mortan, 1983; 

Abbiw, 1990 

Chopra et al. 1949; 

Duke, 1986 


Roots 


Leaf juice/ Dastur, 1962 
leaf fusion 


( Contd . . 2 ) 


III. Urogenital system 


Ant ipe I' iodic 

Roots 

Leaves 

Hocking, 1955 

Hocking, 1955 

Emmenagogue 

Flowers 

fusion 

Roots 

Roots 

fusion 

Morton, 1983 

Quisumbing, 1951 

Morton, 1983 

Gonorrhea 

. Inf lanjnation 

Leaf Juice 
Root bark 

Chopra et al . 1958; 
Dastur, 1962 

Cystitis 

Seeds 

Duke, 1986 

Eczema 

Leaf juice 

Chopra et al . 1958 

Eye 

Flower 

juice 

Burkill, 1935 

Impel i<jo 

Leaf juice 

Chopra et al . 1958 

Prurigo 

Leaf juice 

Chopra et al. 1958 

Skin eruption 

Leaf fusion 

Chopra et al. 1949; 
Quisumbing, 19.51 

Pulmonary system 



Bronchitis 
(Phlegm removal) 

Roots 

Dastur, 1962; Quisumbing, 
1951 

Hepatic fever 

Leaves 

Quisumbing, 1951 

Ref rigex'ant 

Seeds 

Duke, 1986 


(Contd. .2) 


Contr:,] 


.1 

2 

3 

VI . Vomative 



Eniet ic 

Leaves 
. Roots 

Hocking, 1955; 

Gardner and Benette, 1956 

V :>ma t i V€i 

Roots 

Hocking, 1955; Abbiw, 

1990; Dastur, 1962 

VII. Poison' 

s antidote 



Seeds 

Duke, 1986 

VIII. Fluid 

accumulation 


Abdominal 

viscera Roots 

Seeds 

Dastur, 1962 

Jayaweera, 1981 

Anasarca 

Roots 

Jayaweera, 1981 

Ascites 

Roots 

Kirtikar and Basu, 1918; 
Jayaweera, 1981 

Bi 1 iousne 

ss Roots 

Jayaweera, 1981 

Diuretic 

Roots 

Sanya 1 and Ghose, ,1934; 
Chopra et al . 1958; 

Hocking, 1955;' Dastur, 

1962; Quisumbing, 1951; 
Jayaweera, , 1981; Ambasta, 
1986 

Demulcent 

Root bark 

Quisumbing, 1951 ; Dastur, 
1962; Jayaweera, 1981 


and dcs. i i' i i.s ha\ c been developed lor many crops such as; Cluster bean (Dabas e/ al. 
1981 ; t 1: ; i (■/ itl. 1983; Patil e/ al. 1983), Melha (Shuklaand Sharma, 1978; Kohli, 1981), 
Moilibeaii i ( hopra el al, 1 980 & 1 98 1 ), Cowpea (Mchra el al. 1 969; Kohli el al, 1971; Pant el 
al. 1 982 ) and !■ iekl jX'as ( Suigh cl al. 1 974). vSonie other forage crops have also been catalogued 
such as; ( 'enehni.s ciUari.s {Patil and Singh, 1 960; Chakravorty el al. 1 970; Yadav el al. 1 974; 
Yadav.1981), forage svirghum (Mathur el al. 1991), oats (Mehra el a/. 1970; Mehra,1978) 
while ( nipla el al.{ 1 984 ) also catalogued many forage crops. 

liulierny pea is being cultivated in many parts of the world including India but escaped 
due research attention (Chakravorty, 1970; Crowder, 1974; Hall, 1985; Reid and Sinclair, 

1 980; .\djei and Fianu, 1 985; Singh and Singh 1988; Singh and Gupta, 1991). Further in the 
developmental series Aiming el al. (1981) documented 121 diverse germplasm lines at three 
sites of Queensland and evaluated them for adaptability to different agro-ecological tracts. 
Reid and Sinclair (1980) evaluated 58 accessions of old and new world tropics. Phcnoiyjiic 
variation among fodder yielding attributes on 56 germplasm lines was worked out by Singh 
and Singh (1988). Wide scale cultivation of bulterlly pea as a protein rich forage legume for 
rainfed areas was also repvirted (Singh and Gupta, 1991; Singh and Gupta , 1 995) and authors 
also idenliHed eight promising genotypes for their outstanding forage productivity. Mall ( 1 992) 
developed an outstanding variety for North Queensland (Australia) named as ‘Milgarra’. It is 
a ceimpositc line evolved by combining selected introduction and neutralized lines over three 
generations. 

C7/(ona has fair adaptability in sandy and sandy loam soils of arid and semi-arid 
regions of India (Chakravarty, 1970; Singh and Singh, 1988; Singh and Gupta, 1991) and is a 
highly persistant species (persists upto 14 years) in North-West Queensland in clay soils (Hall, 
1985) and is reported as most persistent species after Slylosanlhes . and Macroplelium 
(Alining, el al. 1981; Reid and Sinclair, 1980). Continuous grazing adversely affected the 
persistency hut it survived very well under rational grazing . In Africa it grows very well in 
inundated grasslands of clay to black clay soils (Parvery, 1967; Blunt and Chapman, 1978; 
1 kill el al. 1 985). It is successfully cultivated in area with 500 mm rainfall but parellelly it also 
exhibits outslaiuling performance in areas with 1000-1500 mm precipitation (Van Ransberg, 
19()7; Cameron et al. 1984). It is drought tolerant species growing luxuriantly in irrigated 
situation but fails to survive under water logged conditions. 

Seed morphology and germination behaviour 

fhe germination behaviour in leguminous se^ has been of much interest as this group 
has got varied seeds in shape, sizf guid cqjloi^. JH^^-seededness aiad dormancy in, seeds also 
affects the germination in various species (Hamely, 1932; Toole el al. 1956; Billings, 1957; 


Xi;ilc!, ll'irncly. (1932) used the impaetion technique for the first time to break the 

don w hich w:is fo! lowed by many other researchers (Watson, 1948; Toole <?/ a/. 1956; 

( 'haiicrii. 1 99(i; Ma> cr and Poljokoff-Mayber, 1 982). The change in permeability or rupturing 
ui nwphiolai clc!) or plug has been successlrilly demonstrated by Barton and Crocker (1 948) 
in \ Id i loins ttlhit, Trii’onella arahica, Crololaria aegypliaca and Cassia arlimisioides. 
Seal ifiealion. culling and piering techniques were demonstrated by Rao d al. ( 1 985) in small 
legumes like Aniosia species lor breaking dormancy. Paroda el a/. (1985) studied the germination 
behaviour in Ihgeon pea {Cajanus cajan) where the hard seededness varied from 5% to more 
than 70%. 

Literature indicates that C.iermilea has polymorphic seeds (varied in shape, size and 
colour), hard sccdcdncss and dormancy (rhatterji, 1966; Mullick and Chatterji, 1967; Singh 
and Singh. 1988; Hall, 1992) but when stored for 180 days or more, the seed coat 
impermeability may get broken and germination could be obtained in 20-30 % seeds (Mullick 
and Chalterii, 1967 ; Mall, 1992). Use of chemicals such as concentrated sulphuric acid, 
potassium hydro.xide and hot water treatment may also promote the germination percentage. 
Besides germination, the.se treatments also encouraged the early plant growth in butterOy pea 
(Bogdon, 1977; Hall, 1992). 

Ueiiotypic stability 

f or any crop improvement programme, it is essential to examine the identified 
genotypes for their stability parameters. To study the stability Yates and Cochran (1938) 
developed the technique for analysis of genotypic Jf environmental interaction, which was 
modified by Finlay and Wilkinson, (1963). They used this method for screening of the barley 
varieties. The technique evolved the partitioning of gene X environment variance components 
into linear and non-linear portions. The technique was widely adopted by the statisticians and 
biometrical geneticists for assessing the stability of genotypes over a range of environments 
(I'berharl and Rus.se 1, 1968; Perkins and Jinks, 1968; Freeman and Perkin.s, 1971; Fripp and 
Cateu, 1971; Tai, 1971 Nor and Cady, 1979; Shukla, 1983). 

'I'he formal analysis for genotypes ^environment interaction as derived by Yates and 
Cochran (1938); Finlay and Wilkinson (1965); Perkins and Jinks, (1968). The approach is 
commonly known as Moint regression analysis’. It provides measures of stability (1) regression 
coefficient (bi) and (11) deviation from regression mean square ( di). The joint regression 
approach as outlined by Eberhart and Russell, (1966) slightly differs from the earlier ones. In 
this case the sum of square for environment and gene X environment interaction are added to 
get the within genotypes sum of squares which is {jartitioned into linear component of gene X 
environment between environments with 1 df- A linear component of gene X, environment 


interaciiii!! with (l-I ) df. tind deviation from linetir regression (s-2) dl'. Eberhurt and Eussel 
( 1 966) cinphtisiscd the need ofconsidering both linear (bi) and non-linear (S’di ) conipunenl ol' 
genotype .V enviixtnmeni interaction in the judging ol’ stability of the cultivars. Eater Breese 
{ 1 969); Satnual cl liL { 1 970); Paroda and 1 lays ( 1 979); Saini el at. (1986); Jatasra and Paroda 
(1979); Dangi <7 1091: 1 lenary (1995); Singh cl al. (1995); l.odhi and Sangwan, 1996 

advocated that the linetii regression could simply be regarded as a measure of response of 
particuhir genolype which in liicl depend largely on the number of genotypes. 'I'lic devitition 
around the regression (S Mi) was considered a better measure <br stability. The genotype with 
a lowest sitindard devitition being the most stable and vice-versa. On the basis of stability 
model man) authors e.xamined a number of crops for various parameters like GFY in sorghum 
(( irew ti! (7 n/., 1987); seed yield in fenu greck (Saini el «/. 1986); dry matter yield of cowpea 
( Singh and 1 la/.ra, ! 987 ); fodder yielding attributes of lablab (field) bean (Shukla el al. 1 993); 
dry matiei v ield in white anjan grass (Shukla el al. 1995) and phenotypic stability in guinea 
grass (Singli ci al. 1995). 


Relative growth rate (RGR) 

The relative growth rate (RGR) is an index of the plants potential to accumulate 
dry matter over a given period of time. Relative growth rate highly influenced by assimilation 
of photosy nthate in the assimilatory tissues in the plant over a time period (Fitter and 1 lury, 1 981 ; 
Y adav and Singh, 1 984; Singh and Singh, 1988). In tree species net assimilation rate was observed 
to be highly positive in relation to RGR (Chakravarti, 1993). Dutta, (1995) during the study 
of growth dynamics found that in early growth of the plants a maximum relative growth rate 
was recorded w'hen the photosynthesis was most active. With the advancement of plant age or 
in summer situations due to leaf fall/mutual shading of high number of young leaves negative 
trend in NAR (net assimilation rate) resulted the decline in relative growth rate (De 
Muakadell,1954; Chakravarti,! 993). It has been assumed that a greater proportion of 
respiratory losses from non-photosynthetic tissue may prevail the situation (Leopold and 
Kriedemann, 1975).The canopy structure and display would most likely offer a favourable 
situation for weight gain (Hedman and Binkley, 1988). 

Compatibility of legtomes with grasses 

I ligh cost of nitrogenous fertilizer poses a great pjroblem for forage production in our 
country and advantage of mixed system over the monoculture have been realized. Further, the 
intercropping system of legume+grass is observed to be advantageous for yield and quality 
aspect (Frey and Maldonadod967 and Donald l^^^Xil^umes are known.to stimulate the 
productivity of non-leguminous species (EagleshaRt^/,^j ;li982; Pandey and Pendleton, 1 986) 


and the degree of nitrogen transfer may differ for different species/varieties of legumes (M inchin, 
1978; Patil, 1980). 

The introduetion of the pasture legumes viz. Macroptelium alropurpureum, Clitoria 
ternatea and Stylosanlhes humilis in the base pasture of Cenchnis-Sehima-Heteropogon 
maximum forage production was recorded in C. ciliaris + C. ternatea rnixture (Velayudhan et 
al. 1976) followed by other combinations of grasses /legumes (Velayudhan et al. 1977 & 
1979). Similarly a considerable increase in dry matter and protein yield per unit area was 
observed when Chrysopogon fidvus was intercropped With Stylosanlhex scahra (Dwivedi el 
al. 1985) and 190 % more crude protein was recorded in Dichanthium annulatum when it 
was grown with Stylosanthes hamata (Rai, 1984). In the arid and semi-arid regions the 
introduction of various range legumes viz. Stylosanthes hamata, S. scahra , laihlah pnrptireus, 
etc. in the Diehanlhium annulatum , Schima nervosum, Cenchrus eiliaris, ( '. seligerus and 
Lasiurus simlieus pasture increased the ovei' all biomass production in respect of dry matter 
and crude protein yield (Dauley et al. 1968; Chauhan and Faroda. 1979; Kanodia and 
Dwivedi,! 982; Harsh and Mauria, 1985). Similarly in sub-humid coiulilions a signillcant 
advantage was alsti recorded in Pennisetum pedieellalum, ('hloris gayana and Setaria 
sphecelata intercropped with Stylosanthes guanensis and S. hamata {Prasad 1985; Prasad 
and Singh, 1988). The total nitrogen and organic components also increased in the soil due to 
the intercropping cereal grasses with various legumes in addition to increase in biomass 
production (Paul et al. 1981; Singh and Singh, 1985; Rai, 1987 & 1988; Dwivedi el al. 1988; 
Hazra and Ilehari, 1993). 

The grass+legume intercropping system is the best land use system in degraded lands 
for reducing the st)il/water loss and improving the soil physico-chemical properties (Mazra, 
1995). When grasses such as; Setaria sphecelata, Panicum maximum and Chrysopogon fulvus 
were grown with legume component (siratro and stylo etc.), a significant increase in seed 
production was obscrvctl in grasses comparalde loan equivalent ilo.se of 20-30 kg N/h 
(Dwivedi c’/ o/. 1988). 

Besides these, considerable literature is available on cultivation of three species 
combination when the pasture legume/grasses were inter-cropped with tree component (silvipas- 
toral system) and are mainly confined to biomass production specially for pasture components 
(Deb Roy et al. 1 980 & 1 982; Deb Roy and Pathak, 1 983; Deb Roy, 1 988 & 1 99 1 ; Deb Roy et 
al. 1980) Encouraging results have been reported by these workers in forage production in 
Cenchrus + Stylosanthes pasture grown with Acacia tortilis and l.eucaena leucocephala. 
The appraisal and better utilization ofsilvipastoral system has also been discussed by Gill and 
Deb Roy (1992) which may provide sufficient forage production particularly in lean periods. It 
is possible to manage twelve sheeps or goats /h for many years (Anon, 1 990). ; 




MATERIALS AND METHODS 


(1) Genetic diversity 


Ninety two diverse genotypes orButterlly pea (Cliloria ternatea) were collected from 
different agro-climatic situations of tropical, sub-tropical and warm humid regions of India 
(Table 4 and Fig. 1 ). These genotypes were properly accessioned and evaluated during the year 
1989 to 1992. I'he e.xperimental work for the present studies was carried out on live main 
areas of research, nameh ■. gene pool cadlection and evaluation, germination behaviour of 
polynuyphic seed, genol\pic slability. relative growth rale and compatibility o\' (.'Ulorici 
ternatea with different pasture grasses. All the Held e.Kperimcnts were undertaken at Ccntial 
Research Farm oi' National Re.search C’entre for Agroforestry (IGFRl C'ampus), .Ihansi. 'I’he 
research farm is situated at 25" - 27' North, 78" - .15' east; 27 1 m above the ,sea level and falls in 
semi-arid plateau hills of Bundelkhaiul having mean annual rainfall 890 {mm) l anging from 
670-1160 (mm). The average values of field capacity, wilting point and bulk density of these 
soils are 12 %, 46 % and 1 .45 %, respectively, d’he soil is neutral in reaction, poor in nitrogen 
and organic content but rich in potassium (Dohre, 1981 ). 

The experiment was laid out in randomi/ed block design in sandy loam soils. 1 he seeds 
of all the germplasm lines were sown in first week of. luly, 1989 in 3 m long rows spaced at 0.5 
m and 10-15 cm distance between plant to plant respectively. Each plot had three lines and 
replicated thrice. The experiment was maintained under rainfed conditions for three consecutive 
years. 

Data recording 

The observations on various morphological, growth and fodder yielding attributes were 
recorded at 50 % flowering stage on three randomly selected plants from each plot.These were 
cut at 10 cm above the ground level for recording the data on fodder yielding attributes. 

Days to 50% flowering 

On the basis of visual observations, number of days to flower initiation .stage was 
recorded. Number of days were counted from the date of sowing to the flowering initiation in 
50 % plant population of entire plot. 


Plant heij^ht (cm) 


Height of tlic i'>lant was measured in (cm) from the ground base to tlie apex of the main 

shoot. 

Branch number 

Total number of branches on main shoot were recorded from first to the last node. 

Sccoiidarj branch number 

Number of branch sprouts from ail the branches were counted. 

Branch length (cm) 

Length of best developed branch was measured from the place of origin on main shoot 
(node) to the apex of branch. 

Number of Icaves/plant 

A count ol' total number ol'leaves (complete compound leaf with all three foliates) was 
taken for entire plant. 

Green forage yiekl/plant (g) 

'folal abo\e ground green bionia.ss in (g) of the plant (both leal’i stem) was weighed 
just after the cutting. 

Dry matter yicld/plant (g) 

For dry matter yield entire plant samples (green biomass) was put in oven at 60-7()"C 
lor more than 40 hours and dried biomass was weighed in (g). 

Lcaf-.stem ratio 

l .cal-stcm ratio was worked out by dividing leaf dry weight by stem dry weight. 

Estimation of crude protein content 

Estimation of crude protein coptent wap dpne as per the method suggested in 


A.O.A.C.(199()). For .this, 0.5 g oven dried and grounded sample (including both leaf and 
stem) was taken and 01 (g) catalyst (nii.vlure t 'uS()| and K,,SO^ in a ratio of 1 :5) was added to 
it. Digestion was done with 1 0 ml concentrated 1 for 2-3 hour till it becomes transparent. 
Volume was made upto 50 ml in volumetric ilask by adding distilled water. 1 0 ml solution from 
this flask was taken and distilled in micro Kjeldahl distillation apparatus with 40 % NaOi 1. 
Released ammonia was collected in beaker containing 02% boric acid mixed with indicator. 
The colour of indicator changed from red to blue and released ammonia gtis which was 
absorbed by boric acid. I'hen .Ammonium borate was titrated with standard solution t)f sulph.uric 
acid and finalh’ ‘N’ pereenlage was calculated as; 

01 ml of N/ lot) If, SO, -0.0014 g N 
Crude protein {%) = {%) N x 0.25 


Analysis of variance 

Statistical analysis was carried out using metin values of various forage yielding attributes 
following standard statistical procedures with the help of computer software, 'fhe significance 
of variance was tested by ‘F' value. Coefficients ofvariation were calculated for morphological 
and fodder yielding attributes. 


Classification and cataloguing of geniipla, sin 

For the classification and cataloguing of germplasm score index method was followed 
as proposed by Anderson (1957) and accordingly, each parameter was divided into three 
scoring groups; 

I. Low' 

II. Medium 

III. High 


These groups were denoted by numerical values ‘0’ ‘1 and ‘2’ respectively. For .score 
index following ixiramclers were taken vi/: days to llow'dlng, plant height (cm), liranch number, 
secondary branch number, branch length (cm), number of leaves/plant,grccn Ibddcr yield/ 
plant (g), dry matter yield/plant (g), leaf-stem ratio and crude protein content (%). For each 
character score ranged between 0-2 and accordingly maximum score by any genotype could 
be 20. The entire germplasm was grouped and classified. 


(2) Factors influencing the germination of Cl itoria seeds 


Seeds of eight promising genotypes showing pplyrnorphic seed coat colour with dark 
grey dotted testa (lLC'T-2 1 3'& 11, Ct 215), bluLsh grey dottcci (lLCT-22 1 &. ILC'f 249), brown 


colour (il-C'l' 261 & II.C'!' 266) and with dark black seeds (ILC'r-272 & ILC'l' 278) were 
collected during March/April. Collected seeds were stored in separate glass bottles at room 
temperature lor more than 1 80 days in view of the dormancy reported in Ibis species (Ndullick 
and Chatterji. 1 966 and Mall, 1992). The viability ofseeds was tested with 2, 3, 5 - Tri-phenyl 
tetrazolium chloride (235-'n'C salt). The seeds were pre-soaked in water for 24 hr., then 
bisected and embryo containing portion ofseed was pul in 01% .solution TIC for 8 hr. at 30"c. 
After washing (he seeds developed red cadonr stain which indicateti the \ i ihility ol seeds asal 
almost all (he seeds (more than 90“ i,) were found viable, hour differeni •.■(:■, of experiments 
were laid out as menlionctl below : 

(1) Effect of sowing depths {cm) 


I he seeds ofeight genotypes of hutlerlly pea v ere sown in earthen pots at 2 cm, 4 cm, 
6 cm ami 8 cm depths. Each pot was I’llled with normal field soil having 0.61 , 0.32, 0. 1 8 and 
0.53% organic content, nitrogen, P,0. and K,0 respectively with 7.4 pH. Fifteen seeds were 
sown in every pot. Each treatment was replicated thrice and uniform environmental condition 
were provided to all the treatments and replicates. 

(II) Elffect of soil types 

The seeds of each genotype were .sown at 4 cm sowing depth in earthen pots. These 
pots were filled with different soils and soil combinations viz. 

i) red soil ii) black soil iii) organic soil and iv) mixed soil (mi.xture of all soil types in 
equal proportion). 

Nutrient status of soils and their eoiiibiiiations; 


Soil type Dig; 

xwic nuiiter 

Nitrogen 


K/) 

Red soil 

0.59 

0.32 

0.15 

0.51 

Black soil 

0.78 

0.45 

0.20 

0.50 

Organic soil 

6.20 

0.60 

0.27 

0.82 

Mixed soil 

1.25 

0.57 

0.25 

0.62 


Fifteen seeds of each genotype were sown in each pot in three replications. Soils were 
analysed as per the method reported by Jackson (1967). 


(HI) Kffect of tcinperaturt's ("c) 


Seeds ofeighl genotypes were put in sterilized petri dishes with single layer ofordinary 
filter paper, [before sowing, the seeds were thoroughly washed and soaked in distilled water 
for 24 hours, i'urlher, lo avoid the fungal inl'eelion (he .scetls were properly treated with 
lungicides {Thiiain 7S 1 ) ). 1 he experiment w.is eoiKlueled lor IburdilTerent temperature treat- 
ments viz 5‘’c, 1 .s’c, 2.s"e and 35''e. 1 wenty five seeils were put on eaeh petri|ilate and each 
treatment was replicated thrice, 'fhe experiment was maintained in BOl) ineuliator under 
controlled temperature ( lle.\iblc±2‘’c) and other factors being uniform. 

(IV) Effect of (liffereiil colours of light 

Diflerent colour treatment were adjii.stei.l by wrapping tube light in BOD incubator 
wath cellophane paper of respective colours. Similar sterilization, llingicide treatment and method 
of sowing in petriplates was applied as done in case of temperature treatment. Other factors 
(temperature and moisture etc.) uniform maintained during the experiment. 

Data recording 

Data on seed germination was recorded on alternate days from the date of first emergence 
to the last emergence. At final emergence, period and a total count of germinated seeds was 
recorded and percentage germination was worked out for all the treatments. iMnally, mean 
values were inversely transformed and statistical analysis was done in three factorial randomized 
block design. 

(3) Genotypic stability 

A group of eight genotypes was selected from available genetic stock offoutterlly pea 
(C. ternatea). The genotypes of diverse origin were collected from different parts of Delhi, 
Tamil Nadu, Rajasthan and Uttar Pradesh. The group contained sufficient genetic variability 
for major and minor genes. A brief picture of magnitude of qualitati\'e and quantitative traits 
for each entry are given in 'fable 3. The material was grown in randomized block design with 
three replications in a plot size of 3m x 4m. Row to row distance was kept to 0.5 m 
accommodating eight rows of 3 m long in each plot. Plant to plant distance was adjusted at 
seedling stage at 1 5-20 cm during the kharif 1 990. The trial was conducted strictly under 
rainfed conditions and with the naturally available soil nutrients only. It was repeated for two 
more consecutive years. 


selected strains 


Table 3: Source of origin, qualitative and quantitative characters of 
of Cl i tori a ternatea 


Genotypes 

Source 

Qual i tative 

characters 


Quantitative 

characters 




Seed 

colour 

L/S 

ratio 

Crude 

protein 

% 

IVDMD 

% 

Plant 

height 

(cm) 

Branch 

number 

Green 

fodder/ 

plant 

(g) 

Dry 

fodder 

plant 

Cg) 

ILCT 

" 213 

Delhi 

Dark 

grey 

dotted 

1.08 

26.14 

72.4 

74.5 

13.5 

72.6 

20.7 

ILCT 

- 215 

Delhi 

u 

1.45 

25.45 

72.0 

66.7 

15.0 

55.9 

16.0 

ILCT 

-221 

Delhi 

8 1 u i sh 

grey 

dotted 

1.50 

25.60 

73.6 

67.6 

13.4 

65.4 

18.6 

ILCT 

- 249 

Delhi 

>1 

1.31 

26.04 

74.2 

75.6 

14.4 

71.3 

23.1 

ILCT 

- 261 

Tanii 1 

Nadu 

Brown 

1.41 

23.78 

71.8 

73.4 

13.8 

77.2 

22.5 

ILCT 

- 269 

Rajasthan Brown 

1.54 

25,67 

73.5 

80.4 

15.2 

74.1 

22.2 

ILCT 

- 272 

Rajasthan Black 

1.51 

21.72 

72.4 

72.8 

17.0 

72.1 

18.6 

ILCT 

- 278 

Uttar - 

Pradesh 

Black 

1.55 

25.78 

74.0 

65.0 

16.7 

70.0 

21.0 


Data recorciiiij^ 


Observations were recorded on live randomly selected compelitive plants iVom lour 
cential rows in each pltrl. 1 he characters studied were green Icrddcr yicld/plant (g), dry matter/ 
plant (g), plant height (cm), blanch number per plant, leaf-stem ratio, hour yield attributc.s viz., 
green toddei yield (tdi), city lodder yield (t/ha) and seed yield (t/h) w'ere also studied on plot 
basis. Observations lor crude protein yield were recorded on sample basis drawn Irom each 
genotype and icpliealion. I he values were converted into t/h. Statistical analysis w'as carried 
out tor randomized block design (RBD) using standard procedures (Panse & Sukhatme, 1 968). 
Analysis lot gene .\ enviionment interaction and stability was done as per model of Eberhart 
and Russell, 1966. 


(4) Relative growth rate ( RCR ) 

A .set ol eight genotypes ol buttei lly pea was ,sown in RBI) with tliree replications. 
Sowing was done in the first week of .iuly 1 99 1 . Each plot (3 x 2.5 m) had 3 m long five rows 
spaced at 0.5 m and 0.25 m between the* row's and plants respectively. 

Data recording and RGR 


Alter 40, 50 and 60 days growth, five plants were randomly sclectexl and harvested 1 0 
cm above the ground level. 1 hese plants were selected from central row ol'tlic plot. 1, caves 
and stem ol plant were .separated, oven dried ;ind data on dry matter was recorded. RCiR 
expresses the increase ol dry weight in specific time pciiod in relation to initial weight and 
RGR (g/g/day) can be calculated as; RGR - Log w2 - Log wl divided by t2 - tl (on dry 
matter basis) and was computed at two growth period 40-50 days growth and 50-60 days 
growth. These are said to be RGR-1 and IKIR-IL Correlation coefficients was worked out 
between the R( iR of leaf, stem and leaf i stem (entire plant) for respective periods of growth. 
Correlation coellicient was also worked out between dry matter yield/plant (g) and their 

respective RGR values at different harvest times (Singh and Singh , 1988 ). 

(5) Compatibility of r. Zm/r/rcfl with different grasses 

The study on various grass-legume intercropping system was conducted at 
NRCAFdhansi during the July 1 989 to December 1 992. The soil of experimental site was clay 
loam (approximately 46.8% sand, 39.0% day and 14. 1% silt) with 7.5 pH and soil status was 

0.4% organic carbon with, available nitrogen, phosphorus and Potash 1 6 1 -0, 7.5 and 268 kg/ 
ha respectively. 
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The niix-ereppine experiment was conducted with following ,six.-cics and their 
combination trealmeiiis. 

Crass components : ^ 

(1) {Spreii}*) C'liiov. 

CJhlviis commonly known as Dhawalu grass is a perennial grass distributed through 
out the hilly regions of India, Afghanistan, Pakistan and Srilanka. This grass is one of the 
principal constituent species of Sehima-Dichanihiiim grass cover in the Central and Southern 
plateau in the country (Pahadghao and Shankarnarayan, 1973). The grass can be grown even 
on rocky substratum under low to medium rainlall situations. Its herbage productivity under 
degraded rangeland situations is very low (0.7-1 .2 t/h dry forage yield in 1 -2 cuts). The quality 
of herbage is also poor. 


(2) Heteropogon contortm (L) Bcaur. cx Roeni & Schuitt 

H.conlortiis\ la a perennial grass and commonly known as spear or black spear grass 
and locally called as 'Lampa ghas’. It is also the main component of Sehima-Diclumthiiim 
grass cover of India (Dabadghao and Shankarnaiayan, 1973). It is widely distributed throughout 
the grasslands of tropics and subtropics and has high adaptability to degraded poor sandy loam 
to clay soils with 5-7.5 pi I. It is most palatable at pre-llowcring stage. 

(3) Cenc/inis ciliaris lAnn 

C.ciliaris, commonly know'n as Buffel or Anjan grass constitutes an important grass 
component of the Dichanlhium-Cenchrm and Lasiurus grass cover of India and grows 
predominantly in the arid and semi-arid areas of Gujrat, Rajasthan, Haryana, West and Central 
Uttar-Pradesh and northern Madhya-Pradesh. Buffel is a perennial grass , 1 1 0-145 cm erect or 
decumbant. It is highly adaptive to sandy and dry regions. The productivity of this grass under 
natural range conditions is very low (0.2 to 0.3 t/h dry matter). It resists drought condition and 
is considered to be the most nutritious among native grasses. It has good soil binding capacity 
and may check soil erosion, (ira/ing animals have special liking for this grass. 


2f ■ 


Tree legume 


Lciuacmt U-ucoccphala var. (ihiiiiafa L. leucocepliala Lam <le Wit 

Subabul was inlioduccd iiulomcslicalion areas of Forest Researeli Institute, Dehradun 
as early as 1931 (Krishnaswami, 1956) and in Andmans it was grown as hedge row 
(Parkinson, 1977). I.ater, Hawain strains were introduced in Bombay state in 1948 from 
Philippines (Qureshi and Desai, 1 98 1 ). It is adopted to degraded and denuded lands of medium 
rainfiill zones. It yields 8 - 20 t/h,/yr forage and about 95-96 t/h/yr fuelw'ood and also enriehes 
the soil fertility . Lciicacna leiicocvplnila is being intensively evaluated Ibr its varietal improve- 
ment (Gupta, 1988) and interplanted with traditional/non-tradilional fodder erops and results 
have been quite encouraging in favour ol’mix cropping with cereals and grasses (Palhak, 1 988; 
Relwaiii and Kliandale, 1988). 'fhe green fotlder and its hay can be used as a rich source ol' 
proteinous diet for animals and is recognised as ‘Protein bank’ (Hutton 1988). 


A. Main legume species: 

Clitoria lernalea (C’t) 

B. Crass species: 

(i) C'/iiysopogofi fulvi/.s (Cl) 

(ii) Ikieropogon contortus (He) 

(iii) Cenchnis ciliaris (Cc) 

C. Tree legume species 

Leucaena lencocephcila (Sbl) 

Treatments 

T-1 . Pure C./emo/cY? (Ct) 

T-2. Pure ('. ,/i//vv/.v (Cf) 

'T-3. Pure 1 1. conlofitis (He) 

T-4. Pure ( ciliaris (Cc) 

T-5. C.ternalea + C.fulviis (Ct + Cl) 

C.tcniaica ^ H.conlortiis (Ct + He) 

T-7 . C. lernalea + C. ciliaris (Ct + Cc) 

T-K. ('.lernalea + L.leitcocephala (Ct + Sbl) 

T-9. C.jidvus 1 L leucocepliala (Cf+ Sbl) 

'f-lO. I l.conlorliis I- l..leuc<>cephala (He t Sbl) 

( '.ciliaris + L.leucocephala (Gc + Sbl) 


T-1 2. ( 'liloria + Chrysopogon + Leucaena (Ct + Cf + Sbl) 
T-1 3. ('lit aria t Ileleropogon + Leucaena (Ct + He + Sbl) 
I’- 14. ( 'liloria t ( 'enchrus t- Leucaena (Ct + Cc + Sbl) 


The experiment was laid out durinu the llrsl week of July 1990 in ninth )mi/ed block 
design with three replications. I'he plot si /c was X x 5 in and 1 m disUinee between the plots 
Transplanting and sowing were done as follows; 

(I) Pure crop of grass species were planted at 50 cm distance between the rows and 
also the plants in each row. In case o\' Cliloria 12-15 plants were maintained per running 
meter. 

(II) In case oi'grass legume mixtures alternate row of Clitoria and grass species were 
sown maintaining a distance of 50 cm between the rows of grasses and Cliloria. 

(III) I’or three species intercropping experiments each plot (8x5 m) was divided into 
two equal parts of 4 x 5ni. In half of the plot L.leitcocephala (Sb!) were transplanted at 1 m 
distance between the inter row of grass species. 

At the time of sowing/planting no organic or inorganic fertilizer was applied. 
Establisliment oi' Cliloria and grasses were 80- 1 00 % whereas subabul needed some gap filling 
(one or two plants) in a few plots. 

Data recording 

Data on various growth parameters, fodder yielding attributes and quality aspects were 
recorded in ail the grasses & legumes at the time of harvesting. Two cuts were taken in all the 
inter-cropped species, first cut in Isf week of August and lind cut in the last week of September. 
The cut in C.iernatea and other grass species was taken at 10 cm height from the ground w'hile 
subabul plants were lopped at 1 m from the base at every cutting. 

Plant height (cm) 

Plant height in ( '.lenialca was recorded on three randomly .selected plants from each 
plot and height was measured Irom tlie ground level ol the plant to the apex of main shoot. In 

grass species large.st tiller was measured from three randomly selected tussucks. 

Branch number 

Number of branches emerging on the main shoot (right from ba.se to apex) were counted 
on three randomnly selected plants in each plot in C.lernalea whereas in grasses number of 
tillers (sprouts arising from the base of the grass plant i.e. tussucks) were counted from selected 
tussucks from all the plots and replications. 


Green fodder yield (t/h) 



' ' ' I 

plants, green Ibdder (stem ) leaves) ofsoine plants were recorded (g) and sampled, (ireen fodder j 

was recorded alter complete harvest ol" plot. After averaging the yield was computed and 
converted into t./h. 

l)iy matter yield (t/h) 

500 g sample from each plot and plant basis samples were oven dried at 60-70'’C for 
more than 48 hr. and both the samples were weighed and dry matter per plant (g) and dry 
matter yield (t h) was w'orked out. I 

Crude protein yield (t/h) 

Methods of estimation o!' crude protein content w'erc followed as mentioned earlier 
(A.O..A.C’..l 999). ,\!ter conversion and multiplying with factor the CP yield was worked out in 
t/h. In the te.\l C'-l and C-2 denotes llrst and second cutting, respectively. Similarly the 
treatments are denoted as T-1 to 1-14 while Y-l. Y-2 and Y-3 shows the first, .second and 
third year, respective!} . 

Meteorological ob.servations 


Meteorological data on rainfall (mm), temperature (" C), humidity (%) and evaporation 
(mm/day) for the period of .lune 1989 to December 1992 is given in Figure 2-4. During the 
experimentation period minimum precipitation 668.8 mm was received during the establishment 
year 1989 while ma,\inuim rainfall 1 161.2 mm was recorded in 1990 followed by 1991 and 



1992. Highest number of rainy days were recorded in second year i.e. 1990 which is given 
below ; 


Rainfall received from June - December, 1989 


The onset of monsoon was well in time in 1989. Farly rains were recorded in June and 
July ,while most of the precipitation (more than 80% of the total rainfall ) wiis recrived during 


Year 

Rainfall mm 

Number of rainy days 

1989* 

668.8* 

27 

1990 

1161.2 

46 

1991 

957.7 

35/ : 

1992 

786.4 

44 
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Rainfall (mm) and relative humidity (%) 
pattern during study period 
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tlio month ol Auyusl. i loni September onvvmil ujito end o! the vocir, n eonlinuous dry speli 
was experienced. 


The year 1990 experienced norma! onset ofmonsoon during third week of June (25th 
standard week) and was well distributed in 40 rainy days throughout the monsoon season. The 
monsoon remained active upto 38th standard week and during last spell more than 340 mm 
rainiall was recorded within 5 rainy days {15th to 19th September). A good amount of 
precipitation (39.5 mm) w'as also recorded in second week of February. Maximum temperature 
(44.8“C) was recorded during the last week of May (29th May) while minimum (6.1‘’C) was 
observed in first week ol January. Mighest rate ol evaporation (19.8 mm/day) was recorded 
during the last week ending on 29th May (Fig. 2.3 & 4). 

During 1991, monsoon rains were received quite late in 29th standard week (third 
week of July) and maximum precipitation (4 1 5 mm) was recorded in July followed by September. 
The monsoon was most effeclivc during 7 weeks and over all normal rains (878.2 mm) were 
received in 24 rainy days but for crop growth the distribution was not favorable. A good 
amount of raifall (22.2 mm) was akso received during rabi season. High value with respect to 
temperature (45“C ) and evaporation (2 1.0 mm/day ) was recorded during the last week of May 
and first week of June 1991 respectively. 

Again during the year 1992, a late onset ofmonsoon was experienced in second week 
of July (28th standard w'cek) thereafter, the monsoon was effective for next 1 0 weeks. During 
this period a total rainfall (723 mm) was well distributed in 36 rainy days. In second week of 
October about 38 mm rainiall was observed in three rainy days. Maximum and minimum 
temperature were recorded on 8th June (46.()'>( ) and December 29th (6.2«C), respcctivel} . 
Highest rate ol evaporation ( 1 8-0 mm/day ) \\'a.s recorded on June 8th (Fig. 4). 

During the cxruise ol experimentation, on an average, precipitation was mainly received 
dining the period ol June lo September every year, fhe late onset ofmonsoon and decreasing 
trend for mean total rainfall was observed from 1989 to 1992. Relative humidity (%) and 
rainiall (mm) trend is being presented in Fig.2. An increasing trend in both sides of RH% was 
obsei ved from establishment year to terminating year and was positively correlated with rainfall 
pattern. Generally, tlie maximum RI1% was recorded in September and December-January. 

An inter relationships between temperature and rainfall was drawn in Ombrothermic 
diagram (Fig. 3) which indicated that the temperature and rainfall patterns was positively 
correlated. An increasing trend in temperatures and decreasing trend in precipitation (with 
scanty or without rains) was experienced during the Kharif season in respect of September, 

1 989, 91 and August 90 while during 1 992 a normal trend in both the parameters was recorded. 


Ombrothermic diagram obtained during 

study period 
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Temperature(°C) and evaporation (mrn/day) 
pattern during study period 
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Genetic diversity in 92 diverse gcrtnplasin lines of Clitovici lernuleit collected fiom 
several geograpliical regions of India was studied. A majority of the genotypes were collected 
front arid and scrni-iirid regions ol Rajaslliaii, (iiijrat, Delhi, Uttar Pradesh, Madhya Pradesh 
and Maharashtra. A few materials were also collected from southern coastal t.acts oi' Tamil 
Nadu and warm humid situations ol Bihar and West Bengal. Details ol the materials collected 
from the different regions are presented in fable 4 and Figure 1 . 

Variations in seed coat colour 

Striking variation were observed in seed coat pigmentation of Clitoria materials collected 
from the different regions. The entire gene pool may be classified into four distinct groups; 

Dark black seeds 

The seed coat of this group possess dark and shining black colour . Sixteen accessions 
fall in this group. 

Crey speckled seeds 

Dark grey or light blackish angular specklings were present against the greyish 
background ol the seed coat of this group. I his group has the largest luiinbei' ol lllly three 
accessions. 

Brown dotted seeds 

A fine sprinkling of grey or dark dotliiigs present all over against the bid I background ol 
seed coat This group is represented by nine genotypes. 

Dark brown seeds 

A fine sprinkling of grey or dark dottings present all over against the greyish background 
of seed coal. This group is represented by fourteen genotypes (Plale-2)- 
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source of origin in 


i'ebie 4: Genetic resources ;ind 
Cl i toria tema tea 


Source Number of Name of accessions 

access ions 


Rajasthan 

30 

ILCT- 

22 5, 

226, 227, 228, 

22 9, 

230 , 

24 6 , 




247, 

250, 251, 252, 

253 , 

254 , 

2 55, 




256, 

257, 258, 259, 

260, 

267, 

26 8, 




269, 

270, 271, 272, 

273 , 

2 74 , 

275 , 




27 1. 

20 3. 




Uttar- Pradesh 

21 

I LOT 

223, 

224, 239, 240, 

241, 

243 , ■ 

244 , 




24 5 , 

262, 263, 264, 

265, 

266 , 

2 77, 




278, 

279, 280, 281, 

288 , 

289, 

and 




290 . 





Delhi 

15 

ILCT- 

209, 

210, 211, 212, 

213, 

214 , 

215, 




216, 

217, 218, 219, 

220, 

221, 

24 8 




and 

249 . 




Madhya- Pradesh 

09 

ILCT- 

2.31, 

232, 233, 282, 

283 , 

284 , 

285 




286 

and 287. 




Gujrat 

07 

ILCT- 

23 5, 

236, 237, 238, 

2 91, 

292 

and 




293 . 





Mah.i ruslitici 


ii.rr 

.V)4 , 

h')'), ;’96 and 297. 



Tamil Nadu 

02 

ILCT- 

261 

and 299. 




Bihar 

02 

ILCT- 

222 

and 300 - 




West Bengal 

02 

ILGT- 

234 

and 242 . 













Germplasm evaluation 




92 germplasm lines ol'butterlly pea were evaluated for vai'ious fodder yielding attributes 
and other related parameters such as days to llowering, plant height (cm), branch number, 
secondary branch number, branch length (cm), number of Icaves/plant, green fodder/plant (g), 
dry fodder/ plant (g), leaf-stem ratio and crude protein contents (%) etc. The genetic evaluation 
of the materials was based on the study conduclcil over three crop growth seasons i.e. .luiy 
1989 to December 1992 under rainfed situation, fhc range mean and coeflicient of variation 
often plant characters is presented in Table 5. A wide range of variation in the meansOl' 
different characters for the different genotypes was observed . Amongst all the characters 
studied maximum variation (CV 35%) was observed in the green fodder yield /plant followed 
by number of leaves / plant (("V 31%), leaf/ stem ratio (CV 27%) and minimum in 1 raneli 
number /plant (CV 1 4%) and days to newer (CV 1 5% ). for better apprehension ol tiic variabi lily 
the means of three year data of each plant character was further classified into low, medium 
and high groups (Table 6). 


Days to flowering 


[-'lowering \n (’iiloria ternutea takes place during the month of August and early 
September. Significant variations were observed for days to flower in the different materials. 
These differences in flowering were, however, more clearly marked in the first two seasons of 
crop growth viz. 1989 and 1990 than during the third year of growth i.e. 1991 (Table 7). The 
llowering period reduced progressively from 22 days in the first year to 13 days in second year 



and only 9 days in the third year, [-’lowering in (’Iiloria was preceded by 37 to 41 days of 
vegetative growth and continued upto 60 days of growth in the first year and 54 days in the 
second year, but in the third year the llowering terminated after 46 days of growth. Pooled 
data over three years revealed wide genetic diversity (CV 15%) for days to flowering in 
(’Iiloria (Table 5). However in any single year of growth value of coefficient of variation did 
not exceed more than 4% ('fable 7) indicating thereby a differential environmental influence 
in different genotypes for days to flowering. 


On the basis of mean values of three year data on days to llowering the germplasm has 
been classified into the following groups! Table 6); 


Early flowering group 


In 16.3 percent of the total genotypes flowering occurred between 39.5 to 43.0 days 












Table 5: Mean, range and coefficient of variation for 
different morphological and foddei' yielding 
attributes in Stl genotypes of C. ternatea. 


Characters Range Mean CV(%} 


D.iy;' to t Lowt.!')' 

3 9 

. 5 ■'] 9 . 6 

44 . 5 5 

± 

! . 1 8 

15.05 

I'lant lie i gilt (cm) 

53 

.2 94 . 9 

73.88 

...L 

3 .15 

20.72 

B r a n c h numb e r s 

8 

.0-17 . 9 

12 .86 

± 

0 . 93 

14 .00 

Number of secondary 
branches 

10 

.0-24.8 

17.40 


1.30 

18.00 

Branch length (cm) 

54 

. 1-.95 . 1 

73.68 

,± 

3 .45 

20 . 86 

Leaf numbers 

90 

.4-183 .5 

136 .80 

± 

5.36 

31 . 00 

Green fodder yield (g) 

39 

.3-97.7 

68.00 

± 

2 .16 

3 5.00 

Dry matter yield (g) 

11 . 

01-26.66 

17.96 

+ 

:l .35 

24 .06 

Leaf-stem ratio 
(dry matter basis) 

0. 

64-1.24 

0.93 

± 

0 . 09 

27 . 04 

Crude protein 
content (%) 

20 . 

13-26 . 99 

23.56 

± 

0.56 

17.54 


Medium i1»« criii” group 


A majoriiy ol the accession (64. 1'Mi) llowercd between 43.0 - 46.3 days. 

Late flowering group 

In 10.6 percent genotypes (lie llowering occurred between 46.3-49.6 days 
(Table 6). 

Plant heigiil (eni) 

On the basis ol'mean values of'data over three years the plant height ol'thc dilTerent 
genotypes at 55 days of growth ranged between 53 to 95 cm and showed wide genetic 
diversity (CV 2().7‘'/(i). The gerniplasm line ITC’ r-222 from Bihar attained a maximum plant 
height of 94.9 cm while the accession iLCT’-297 from Maharashtra was 53 cm tall (Table 5). 
Maximum number ol" genotypes (48.9%) had a moderate plant height (67.1-81.0 cm), 
32.6% were short statured (53.2-67.0 cm) and 1 8.5% germplasm lines had tall plants ranging 
from 81-95 cm (Table 6). 'fhe genotypic dil fcrences for plant height w'cre signillcani in all the 
years (Table 7). I n some of the genotypes there was a progressive increase in the maximum 
plant height from 90 to 123 cm from Urst to third year of plant growth. 

Branch number per plant 

Wide range ofdivcrsity in branch nunibcr/plant was observed in butterfly pea in all the 
three years (Table 7). The genotypic differences for branch number were highly significant in 
the second year of growth and moderate in others. The branch number ranged between 8.0- 
17.9 branches/plant with 14.0% CV over the years (Table 5). Maximum number of branches 
were observed in ILGT-272 (17.9) from Rajasthan and minimum in llvCT-2.33 (8 branches/ 
plant) from Madhya Pradesh. Majority of cultivars (51.1%) showed medium number of 
branches (1 1.4-14.6), 34.8% genotypes were with low number of branches (8.0-1 1.3 branches/ 
plant) and 14.1% genotypes were highly branched type (14.7-17.9 branchcs/plant). Number 
of branches were maximum in second year ( 1 4.87) in comparison to first (12.1) and third year 
9.8 branches (Table 7). 

Number of secondary branches 

Wide range of genetic diversity for the number of secondary branches/plant were 
observed in butterfly pea in the different years. The genotypic differences were highly signilicant 


Table 6; Range and percentage distribution of 92 genotypes of 
C. terna tea in different gi'oups . 


Character and groups Range Percent 

cultivars 


1. Days to flowering 


Group 

^ I 

IvT r 1 y f 1 o we r i ng 

39 .5-42.9 

1 6 . 3 

Group 

-II 

Medium f lower 1 ng 

43.0-46.3 

6.1 . 1 

Group 

- 1 1 1; 

L,n. te flowering 

46.4-49.6 

1 '9 . 6 

Plant 

height 

(cm) 



Group 

-1 

D'.v’arf plants 

53 . 2-67 . U 

3 2 . 6 

Group 

-II 

Medium plants 

67.1-81.0 

4 3.9 

Group 

- 1 1 1 

'i'.'iii plants 

81.1-94.9 

1 B . 5 

Branch n\imber 



Group 

-I 

Low branches 

8.0-11.3 

34 . 8 

Group 

-II 

Medium branches 

11.4-14.6 

51.1 

Group 

-III 

Highly branched 

14 .7-17 . 9 

14 . 1 

Secondary branch number 



Group 

-I 

Low numbers 

10.0-14.9 

38.0 

Group 

-II 

Medium numbers 

15.0-19.8 

55.4 

Group 

-III 

High numbers 

19.9-24.8 

6.6 

Branch length (cm) 



Group 

-I 

Smaller branches 

54.1-67.7 

41.3 

Group 

-II 

Medium branches 

67.8-81.0 

4 5.7 

Group 

-III 

Larger branches 

81.1-95.1 

13.0 


(Contd. .6) 



(Coritd. . 6 ) 


Character and groups Range Percent 

cultivars 


6 . 

Numbex' of 

.leaves 




Group - 

I 

1 h ]_eaf nuiiibei- 

90.4-121.4 

4 7 . 8 


Group - 

I I ■ 

ii,uri i-c^af iiuiTii > 

121 . t- 152.4 

31.5 


Group - 

I I I 

Hi -ah leaf ruiinbt ^ :/ 

152.5-133 . 6 

20.7 

7 . 

Green 

fodder yield/plant (g) 




Group - 

I 

Low yield 

39.3-58.8 

54 . 3 


Group - 

II 

Me'dium yield 

58 . 9-78.2 

35 . 9 


Group - 

III 

High yield 

78.3-97.7 

9 . 8 

8. 

Dry matter yield/plant (g) 




Group - 

I 

Low yield 

11.01-16.20 

42.4 


Group - 

II 

Medium yield 

16.21-21.40 

39.1 


Group - 

1 1 1 

High yield 

21.41-26.99 

18.5 

9. 

Leaf - 

stem 

ratio 




Group - 

I 

Low leaxfiness 

0.64 0.83 

2 3.9 


Group - 

II 

Medium leafiness 

0.84-1.04 

53 . 3 


Group - 

III 

High leafiness 

1 . 05-1.24 

22.8 

10 

. Crude 

protein content % 




Group - 

■I 

Low 

20.13-22.43 

21.7 


Group - 

•II 

Medium 

22.44-24.73 

46.7 


Group - 

■III 

High 

24.74-26.99 

31.6 


. I f ‘ 

. . ■ . _ ■ . - . ' * IC'vjK-i.h '> r, 

■vin-r5,a!c" -.a it. * ■ n ;h.: hi\n;fs .*■ v!'; iype 
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for all the three years ( fabie 7). 'I'he number of secondary branches/plant over the years (Table 

5) ranged between l().()-24.8 (with 1 8% CV). liased on the mean values ol'three years ( I able 
()) a majority of the genotypes (55.4%) had medium number ol'secondary branches ( 1 5.0-19.8 
/plant), 38.0% had low number (!()-15 per plant) and ().()% culti\'ars had the higliest number 
(20-24.8 /plant). Lowest number of secondary branches were observed in the estabbshment 
year (12.4 /plant) which significantly increa.scd during seconuyear ( 19.3) but slightly decreased 
( 1 6.7) in third year ('fable 7). 

Branch length (cm) 

Considerable \ ariations were observed in branch length among genotypes (Table 5) 
which ranged between 54.1-95.1 cm (CV 20.86%). The majority of genotypes (45.7%) had 
medium branch length foilowcd hy 41 .3% small length and 1 3.0% with large branches (Table 

6) . The branch length showed significant genotypic differences in the different years. But the 
average branchlength reduced progressively from 77cm to 67cm over the years (Table 7). 

Number of leaves/plant 

Significant genotypic differences were observed for number of leaves per plant and 
their mean values over the years varied from 90.4-183.5. Very high values of CV ( 31.0 % ) 
indicated wide genetic diversity for this character (Table 5 and 7 ). Majority of the genotypes 
(47.8%) had low number of leaves, 31 .5 % with moderate and 20.7 % with high number of 
leaves per plant (Table 6). 

Significantly higher number of leaves (171 per plant) were observed in second year of 
growth while in first and third year the leaf number was similar (Table 7). The lowe,st number 
of leaves were recorded in genotype If.C'r-287 from Madhya Pradesh while ILC'1’-2I3 from 
Delhi was the most lealy type. 

Green fodder yicld/plant (g) 

Based on an average of three years data, the green fodder yield/plant (g) of genotypes 
ranged between 39.3 - 97.7 (g). High values ofCV (35%) indicated wide genetic diversity for 
the character ('fable 5). Amongst the genotypes the maximum number of cultivars (54.3%) 
were low yielding, followed by 35.9% moderate and 9.8'’/o high yielding types (Table 6). 
Second year of growth was most productive for green fodder yield/plant (72.6 g/plant) followed 
by third (59.3 g/plant) and first year (50.1 g/plant) . Genotype ILCT-253 from Rajasthan was 
the lowest yielder while Maharashtra material ILCT-295 was the highest yielding type. 


Dry maUir yield /plant (g) 


Signiiicanl genotypic dilTcrenccs were observed lor dry maUer/planl in the dilTcrent 
years. The mean dry matter yield/plant ranged between 1 1 .01-26.66 g over the years. A wide 
genetic diversity was evident from liigh values ofCV (24.06%). Amongst [he genotypes a 
majority of genotypes (42.4%) were low yielder. followed by (39.1%) moderate types and 
1 8.5% high yielding types (Table 6). The tremi ofgreen fodder and dry mailer yield / plant was 
almost similar in all the three years (Table 7). The lowe.st dry matter yielding type was II. CT- 
263 (11.1 g) from Uttar-Pradesh and the highest yielding type was lLCT-295 (26.66 g/plant) 
from Niaharashtra stale. 

Leaf-stem ratio 

The leaf-stem ratio of genotypes showed significant differences in the different years. 
Based on an average of three years the leal/stem ratio of genotypes ranged between 0,64 - 
1.24 and a wide range of genetic diversity in the material was evident (CV 27.(J %). Amongst 
the genotypes highest number of cullivars (53.3%) had moderate I7S ratio while 22.8% of 
total genotypes were relatively more leafy types, 'fhe leafiness was comparatively higher in the 
establishment year ( 1 ./S 1.12) followed by third and second year with leal '/stem ratio 0.89 and 
0.82, respectively, (Table 7). The minimum (I./S 0.64} and maximum (1,/S 1 .24) leaf-stem 
ratio was ob.served in Rajasthan genotypes 1 1 .CT-274 and ll,CT-25 1 . respectively. 

Crude protein content (%) 

Wide genetic diversity (CV 1 7.54%) and significant genotypic differences were 
observed for crude pix>tein percentage which ranged between 20.13 - 26.99% on dry matter 
basis (I'able 5). .Amongst all the genotypes a maximum number 46.7 % ol' genotypes had 
moderate (22.4 to 24.7%) crude protein content, 31.6% high crude protein (24.74 to 
26.99%) and 2 1 .7% poor protein content (20. 1 3 to 22.43 %) as presented in Table 6. 

Crop growth conditions in the different years significantly influenced crude protein 
content (('!’) in the forage. There was an increasing trend in the crude protein cemtent of the 
forage from 21.27 to 25.85% from llrsl to third year of growth (Table 7). I lighest and lowest 
values for CP content were observed in Rajasthan materials ILC'r-267 (26.99%) and 11. CT- 
275 (20.1%). 
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Table 7: Range, mean and coefficient of variaUon in phenotypic 
characters, yield and quality parameters of C. ternatea 
genepool. 


Character 


Rani;ie 


Mean 


i:v(%) 'F‘ Value 


1. Days to fiow€;rir»g 


46.33 -^ 1.16 3.07 27.07 


I 

Year 

1989-90 

38.00-60.33 

n 

Year 

1990-91 

41.00-54.00 

HI 

Year 

1991-92 

37.00-46.00 

2- Plant height(an> 


I 

Year 

1989-90 

52.00-89.43 

II 

Year 

1990-91 

51.33-108.53 

III 

Year 

1991-92 

40.00-123.66 

3- Primary branch numbers 

I 

Year 

1989-90 

8.20-16.20 

11 

Year 

1990-91 

8.06-26.87 

III 

Year 

1991-92 

6.20-14.63 

4. Secondary branch numbers 

I 

Year 

1989-90 

4.66-30.33 

H 

Year 

1990-91 

10.16-29,00 

III 

Year 

1991-92 

8.16-25.66 


5. Branch length {c«s) 

I Year 1989-90 52.f^- 109.0 

II Year 1990-91 84, ii- 93.0 

71. 66-1 55 


46.29 + 0.64 

1.70 

45.96 

41.40 + 1.42 

4.22 

4.82 

72.30 + 6.11 

10.36 

3.83 

77.85 + 9.94 

15.64 

4.15 

64.84 + 8.77 

16,57 

3.76 

12.15 + 1.85 

18.71 

1.88 

14,87 + 1.81 

14.96 

11.85 

9.87 + 1.76 

21.87 

3.68 

12.42 i 2.36 

23.25 

6.86 

19.36 + 2.83 

17.89 

4.42 

16.69 + 2.41 

17.70 

3.63 

76.80 + 9.40 

15.00 

2.16 

169,33 + 9.08 

16.04 

5.30 


117.30+7.79 14.18 
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III Year 1991-92 


6.79 


(Contd. . .7) 


Character Range Mean CV(%) 'F* Value 


6. leaf nwifcer/plant 


I Year 

1989-90 

70.66-198.66 

111.04 1 

20.32 

22.42 

3.14 

1 1 Ynir 

19V0 91 

MA H 29UI0 

171 III) « 


17.11 

7.64 

III Year 

1991-92 

71.66-155.33 

104.44 1 

14.33 

16.03 

4.52 

CSreen fodkdfer/plaot 

(9) ■ 





I Year 

1989-90 

30.86-108.30 

50.16 ± 

8.37 

22.44 

4.77 

1 1 Year 

1990-91 

33.63-132.33 

72.61 1 

9.71 

16.37 

9.82 

III Year 

1991-92 

33.00-105.00 

59.31 1 

5.85 

12.07 

14.72 

Dry focJder/plant (g> 






I Year 

1989-90 

8.13-23.80 

14.56 + 

2.42 

20.40 

5.46 

II Year 

1990-91 

9.93-33.40 

20.18 + 

2.96 

17.97 

7.00 

III Year 

1991-92 

8.20-29.86 

17.28 + 

1.99 

14.12 

13.09 

leaf “Stem 

ratio 






I Year 

1989' 90 

u. 70- 1.60 

1 

0.18 

19.45 

2.34 

1 1 Year 

1990-91 

0.56 '1.55 

0,82 1 

0.10 

15.73 

3.74 

in Year 

1991-92 

0.55-1.35 

0.89 1 

0.10 

14.15 

6.49 

L Crude protein content (X) 





I Year 

1989-90 

20.13-22.42 

21.27 t 

0.83 

17.45 

6.24 

1 1 Year 

1990-91 

22.43-24.70 

23.56 i 

1.12 

9,75 

4.46 

1 1 1 Year 

1991-92 

24.71-27,10 

25.85 ± 

0.72 

10.42 

3.62 



Classificalioii of j»cnc|>ool 


1 he gciielK, divcisily is the basic input retjuired lor any crop iinpiiivcmcni 
progranirne. ll olTcrs scope lor direct selcclion ol clite materials as a new ciiitiv ar or liclps in 
identifying specific traits h'r use in tlic brecHline pro!jiainine. In llie present sliitle, ilie hide:. 
Score method (Anderson. i9.S7| was used for identilying divergent growth icrois in 92 
genotypes oft 'Uloriuh-iiuiscu. collected from diflerent regions oi'lhc eoiintr-, . 

On the I'a.si:-, o! iiulex score inetluKi the entire genepool was ela- .ilu' 1 mlo !: 
groups. !he\aluesol the iota! index score in the dilfcrent groups ranger! hciweeii 91-1.5. 
The materials from the rlil lerent regir>ns were distributed in the dilTereiit groiqis vviili specific 
index score values ( I ables H and 9). The values ol the total index score of the respective groups 
were further classified into lour major groups and their index score values are; group 1; 0-4, 
group II; 5-8, group ill : 9-12 and group IV: 13-15 ( fable 10, Fig. 5). Depending upon the 
magnitude of the expression of all the plant traits tlie respective group numbers indicate; (I) 
low vigour expression, (11) medium vigour expression, (III) medium high vigour expression 
and (IV) very high vigour expression (Table 10). 

Low vigour expression group 

The cultivars in this group were characterised by very low expression of all or 
most of the characters as total index values range between 01-04 (Table 10). Out of ten 
accessions in this group ILC r-281 from Uttar Pradesh and ILCT-276 from Rajasthan had the 
lowest index values amongst all the accessions (Table 12). 

JVIediuui vigour expression group 

This group ennsliUiling larges! mimlx-r I'f accessions (45) are eliaracieriscd liy 
low or medium expression ( the characters in Ihe different lines as tiieir lolal imlex values 
range between 05-08 (Tabic 10). In lliis group a lew geiiolypes also showed high expression 
for certain characters. 

Medium high vigour expre.s.sion group, 

This group comprising 22 genotypes was characterised by medium expression of 
the most and high expression of some of the characters. The total index value of the cultivars 
in this group range between 09-12 (Table 10). 
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Table 3 : Groi.a,Mi:e ol: C. t ^ •j/iicil t:,j gene pool in respect: Lh-o/h 

t:oi' a 1 i i!‘i. X va iu* * gi' i'V) , yy.ni I'ct- find, nurnbei: of . u..:ca-:;s i '■ )ii - . 


Groups TIV Nuinber of Source and number of accessions 

accessions 


T" 

j.. 

1 

1 

UP 

(1) * 





II 

2 

1 

Raj 

(1) 





III 

3 

3 

UP 

(1) , 

Raj 

(1) 

and Dlh 

(1) 

IV 

4 

5 

UP 

(2) , 

Raj 

(2) 

and (duj 

(1) 

1 7 

5 

7 

UP 

(1) , 

Raj 

(3) 

, MST (1) ,MP 




(1 f 

and 

Gu j 

(1) 



VI 

6 

1 0 

Raj 

(3) , 

, M!:' 

(4) , 

Dlh (l),Guj 




(1) 

and 

WB { 1 ) 



VII 

7 

14 

Raj 

(6) ; 

, MP 

(3) , 

Dlh (1 

) ,Guj 




(1) 

and 

WB (1) 



VIII 

8 

14 

UP 

(5) , 

, Raj 

(5) 

, MP ( 1 ) 

, MS 




(2) 

and 

Bhr 

(1) 



IX 

9 

6 

UP 

(3) , 

Dlh 

(1} 

and Gu j 

(2) 

X 

10 

7 

UP 

(2) , 

Raj 

(4) 

and Guj 

(1) 

XI 

1 :i 

f> 

l)l> 

(3) , 

Dlh 

(2) 

ancJ TN (1) 

XII 

12 

3 

UP 

(1) ^ 

and Dlh 

(2) 


XIII 

13 

9 

UP 

(2) , 

Raj 

(3) 

, Dlh (2) 

, MS 




U) 

and 

Bhr 

(1) 



XIV 

14 

3 

Raj 

(2) 

and 

Dlh 

(1) 


XV 

15 

3 

Dlh (2) and ' 

TN (1) 



* Number of accession given in parenthesis 

UP: Uttar- Pradesh; Raj : Rajasthan ; Dlh : Delhi; MP:Madhya-Pradesh; 

MS: Maharastra; Guj:Gujrat; WB : West Bengal; TN: Tamil Nadu; Bhr: Biha 
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Group:! 
t he :L r 

.ng of C. ter, 
total index v. 

natii-a 

aliie 

genepool 
(TIV) and 

in re£ 
iiame c 

ijpect 
:) f a c c 

(J f 

’essi 

Total 

index Name 

of a< 

ccessions 




value 

(TIV) 







01 

ILCT- 

281 






02 

ILCT- 

276 






03 

ILCT- 

218, 

259, 

266 




04 

ILCT- 

256 , 

263, 

274 , 

280, 

291 


05 

ILCT- 

230, 

240, 

267, 

275 , 

287, 

2 93 



294 






06 

ILCT- 

210, 

226, 

233, 

237, 

242, 

253, 



255, 

282, 

284, 

285 



07 

ILCT- 

209, 

211, 

217, 

225, 

229, 

231, 



232, 

234, 

238, 

250, 

252, 

2 57, 



268, 

286 





08 

ILCT- 

223, 

245, 

251, 

258, 

260, 

264, 



270, 

273 , 

279, 

283, 

288, 

296, 



297, 

300 





09 

ILCT- 

220, 

235, 

23 6, 

265, 

211 , 

2 90 

10 

ILCT- 

227, 

241, 

246, 

254, 

262, 

271, 



292 






11 

ILCT- 

214 , 

216, 

224 , 

239, 

244 , 

299 

12 

ILCT- 

212, 

219, 

243 




13 

ILCT- 

215, 

222, 

228, 

247, 

248, 

278, 



289, 

295, 

298 




14 

ILCT- 

249, 

269, 

272 




15 

ILCT- 

213, 

221, 

261 






Table 10 : Percentage distribution of genotypes of C. tex'natea in 
differemt groups, TIV, number of accession and source 
of origin. 


Major GronpB Range of P'.-u'Cnaitage Source rinu number 

TiV . I'/c/cjssions ?.iccessioi;;a 


I . 

.].jO'.v i i; 

o:i u-1 

i l 

UP 

(4) *, 

Ra i { 4 J , Dll'), 

(3) 


group; 



and 

Guj 

(1)'. 


II . 

Medium vigour 

05-08 

49 

UP 

(6) , 

Raj (17), MP 

(9) , 


group 



Dlh 

(4) 

, Guj (3), 

MS 





(3) 

, WB 

(2) and Bihar 

(1) - 

Ill . 

Medium high 

09-12 

24 

UP 

(9) , 

Raj (4) Dlh 

(5) , 


vigour gr-oup 



Guj 

(3) 

and TN (1) . 


IV. 

Very high 

13-15 

16 

UP 

(2) , 

Raj (5), Dlh 

(5) , 


vigour group 



MS 

(1) , 

TN (I) and Bhr (1) 

WB : 

West Bengal, UP 

: Uttar 

Pradesh, 

TN : 

Tamil 

. Nadu 



MS : Maharastra, MP : Madhya Pradesh, Guj : Gujrat 
Dlh : Delhi and Bhr : Bihar 

* Number of acce.nsions are given in parenthesis 


Grouping of C. ternatea genepi 
different vigour groups 



SU0ISS900V io jsquinN 


45 



Groups 

Figure-5 




Very liij’li vij^our expression }»r<iup 


i lie ;H-ccs.si()iis ()1 this group were most productive Idnige \ ielders us most of the 
characters sliovv maximum expression. The total index values sliovveti a range of 13-15 
('I'ablc 10 & I'ig.rVi Out of 15 genotypes in this group the accessions li (’1 213 and 221 
(Delhi), and 11. C' 1' 261 {Tamil Nadu) were the most aggressive plant growliviypes (Table 1 1 ). 

I'oilowings aixysome ol tlie suiierior lines showing high anti very high total index 
values (d'lV ): 

ILCT- 213 (Delhi) 

Highly scored for plant height, branch length, number of leaves, green fodder per 
plant, dry matter per plant and crude protein content; while moderate values recorded for days 
to flower, branch number, number of secondary branches and leaf-stem ratio and .scored 1 5 
points. 

ILCT- 221 (Delhi) 

1 liglily scored for days to llovvcr. plant height, branch length, number of leaves per 
plant and crude protein content; w'hile moderate for branch number, secondary branch numbu’, 
green fodder per plant, leaf-stem ratio and scored 15 points. 

I LCT-261 (Tamil Nadu) 

Highly scored for plant height, number of secondary branches, brunch length, number 
.of leaves and dry matter yield/plant; while moderate for days to flower, number of branches, 
green fodder yield per plant, leaf- stem ratio and crude protein content. T'h is genotypes secured 
15 points. 

lLCT-249 (Delhi) 

Highly scored for days to flower, number of branches, number of leaves and crude 
protein content; moderate for plant height, number of branches, number of secondary branches, 
green fodder yield per plant, dry matter per plant and leaf-stem ratio with 1 4 points. 

ILCT- 269 (Rajasthan) 

Highly scored for secondary branch number, branch length, green fodder yield per 
plant, dry matter yield per plant and crude protein content and moderate for days to flower and 
plant height and scoring 1 4 points. 

ILCT-272 (Rajasthan) 

Highly scored for days to flowering, number of branches, number of secondary branches, 
number of leaves per plant and dry matter yield; medium performances for plant height, branch 
length, green fodder yield per plant and leaf-stem ratio. This genotype scored 1 4 points. 



Table 11 : High, mediuns and .'Mpi’essi on of charactoro and total 

index val ue ( I I V} fuf 15 selected gesiotypt/’.:, fd . terriatca 


and their source 

ot origin. 




Name of 
access i on 

Code 

Code 

va i ue 

1 

Character 

2 3 4 5 6 

7 

! IV 

Source 

of 

origin 


H 

2 

Ph 

Brl Lno GM DM CP 




ILCT -213 

M 

1 

Df 

Br Sbr 


15 

Dlh 


L 

0 

L/S 






H 

2 

Ph 

Br Lno DM 




ILCT -215 

H 

1 

Df 

Sbr GM L/S CP 


13 

Dlh 


L 

0 

Br! 






H 

2 

Df 

Ph Brl Lno CP 




iLCT -221 

M 

1 

Br 

Sbr GM DM L/S 


15 

Dlh 


L 

0 







H 

2 

Df 

Ph Brl DM 




ILCT -222 

M 

1 

Br 

Sbr GM L/S CP 


13 

Bhr 


L 

0 

Lno 






H 

2 

Ph 

GM DM CP 




ILCT -228 

M 

1 

Df 

Hr Sbr Brl L/S 


13 

Ra j 


L 

0 

1. no 






H 

2 

Df 

Brl Lno L/S CP 




ILCT-2A7 

M 

1 

Ph 

Sbr DM 


13 

Raj 


L 

0 

Df 

GM 





H 

2 

Df 

Br Lno DM L/S 




ILCT “248 

M 

1 

Ph 

Sbr GM 


15 

Dlh 


L 

0 

Brl 

, CP 





H 

2 

Df 

Br Lno CP 




ILCT -249 

M 

1 

Ph 

Br Sbr GM DM 

L/S 

14 

Dlh 


L 

0 







<Contd.,11) 


(Contd. .11) 


1 

2 

3 


4 


5 

6 


H 


Ph 

Sbr Brl Lno DM 




iLCT -261 

M 

1 

Df 

Er GM L/S CP 


iS ■ 

TN 


L 

0 







H 

2 

Sbc 

Brl Lno GM DM 

CP 



IlCT -269 

M 

1 

D f 

Pfi 


14 

Raj 


L 

0 

fie 

L/S 





H 

2 

Df 

Br Sbr lno DM 




ILCT -272 

M 

1 

Ph 

Brl GM L/S 


14 

Raj 


L 

0 

CP 






H 

2 

Df 

Br GM DM CP 




ILCT -278 

M 

1 

Sbr 

Brl Lno 


13 

UP 


L 

0 

Pfi 

L/S 





H 

2 

Br 

GM DM 




ILCT -289 

M 

1 

Df 

Ph Br Sbr Lno 

L/S 

CP 13 

UP 


L 

0 







H 

2 

Lno 

GM DM 




ILCT -295 

M 

1 

Df 

Ph Bl Sbr Brl 

L/S 

CP 13 

MS 


L 

0 







H 

2 

Sbr 

Lno GM DM 




ILCT -298 

M 

1 

Df 

Ph Br L/S CP 


13 

Raj 


L 

0 

Brl 






H: High; M: Medium; L: Low 

Df: Days to flowering; Ph: Plant height 

Br: Branch number/plant; Sbr: Secondary branch niKTtoer/p I ant 

Brl; Branch length; Lno: Number of leaves/plant 

GM: Green fodder yield/plant; DM : Dry matter yi el d/plant 

L/S; Leaf'Stem ratio; CP: Crude protein content (%). 


The performance ofoi her desirable accession vi/. I LC 1-215 (Delhi) 11. Cl -T .:;: i ihliar), 
ILCT-228 {Rajaslhan) 1! (1-247 (Rajaslhan), !1,(' 1-278 (UP), liX'T-289 (lii*) 11 r 1-295 
(Maharashtra) and i!.( ' 1-298 ol' Rajaslhan presenled in Tahlc 1 1 . 


uiul liocumcntiitidu 

(.jcrmplasni calaloguing and documentation is essentia! for creating a general 
awareness among the plant breeders about the wealth of genetic materials and for selecting 
specific cultures with most desirable attributes lor use in the breeding programme. ()uite a few 
number of catalogues , PlR's (Plant Introduction Reporter’s) on some economic crops have 
already been published by N BP( iR, New Delhi and other Institutions. Cataloging and documen- 
tation is particularly important for the gene banks maintained in the different countries. The 
information helps better e.xchange of materials between the different institutes all over the 
w'orld: A detail catalogue cm ClUoria ternatea genepool was developed for the first time by 
providing details of origin of the materials and summary of the three years data on various 
plant attributes, viz. flower colour, days to flowering, plant height (cm), branch number/plant, 
secondary branch numbcr/plant, branch length (cm), number of leaves/plant, green (odder yield/ 
plant (g), dry matter yield/plant (g), leaf-stem ratio and crude protein content ( T’ablc 1 2). 

There are various ways (.)f characterising the materials and one of the way is 
identifying accessions with different grade ofexpression of the economic characters. In C'liloria 
five important identified agronomical attributes are ; plant height, branching, dry matter yield, 
leaf stem ratio and protein conlent. bach of tiie live character was grouped as low (a), medium 
(b) and high grade,s(c). A combination of different character grades yielded 70 distinct plant 
types. Out of these, 53 types were represented by single accession, 14 types by two accessions 
and three types by three accessions (Table 1 3). 


49 


'r3.b .1 0 

12 : 

1 ,1. ci L ci ’■ ' 

C, tern 

ce'i-'izat: ion ana 

c^ilaloquing of 

9 2 

•rid i.Ol'iS of 

S .No 

1 

Name of 
accession 

2 

Source 

3 

FI owe 1 
colon I 

4 

Days to 
flower 

5 

Plant 

height 

(cm) 

6 

Brandi 
numbe r 
/pi ran t 

7 

Number of 
secondary 
branch 
/plant 

1 

ILCT 

-20 9 

Dlh 

W 

46 . 3 

65.4 

11.44 

12.61 

2 

ILGT 

- 2 1 0 

Dlh 

B 

4 6 . 1. 

60 . 0 

11.88 

14,16 

3 

ILCT 

-211 

Dlh 

B 

46.6 

91.1^ 

10 . 34 

12.88 

4 

ILCT 

-212 

Dlh 

B 

46.2 

68.0 

10 . 05 

14.27 

5 

ILCT 

-213 

Dlh' 

B 

4 3.8 

88 . 6 

1 3 . 8 8 

15 . 83 

6 

ILCT 

-214 

Dlh 

B 

46.4 

89 . 5 

13 . 47 

15.66 

7 

ILCT 

-215 

Dlh 

B 

4 3.1 

86 . 7 

15 . 2 5 

15.68 

8 

ILCT 

-216 

Dlh 

w 

4 6.0 

88.8 

' 14.14 

17 . 66 

9 

ILCT 

-217 

Dlh 

B . ■ 

4 3.3 

84 . 7 

■ 1 0 . 0 1 

1 6.16 

10 

ILCT 

- 2 1 8 

Dll, 


■1 6 . 0 

67 . 0 

11. -5 0 

13.66 

11 

ILCT 

-219 

Dill 

B 

4 6 . 3 

8 5.3 

1, 1 . 4 4 

16.47 

12 

ILCT 

-220 

Dlh 

B 

44.4 

81.1 

12 . 78 

12 . 77 

13 

ILCT 

-221 

Dlh 

B 

47.7 

85.9 

13.33 

18 . 61 

14 

ILCT 

-222 

Bhr 

B 

47.5 

94.9 

11 . 91 

18 . 58 

15 

ILCT 

-223 

UP 

B 

43.7 

74.3 

13.37 

15 . 11 

16 

ILCT 

-224 

UP 

B 

46.8 

85.0 

14.66 

15.72 

17 

ILCT 

-225 

Raj 

B 

45.5 

78.1 

9.82 

11 . 11. 

18 

ILCT 

-226 

Raj 

B 

47 . 6 

72 .7 

10 . 10 

10 . 05 

19 

ILCT 

-227 

Raj 

B 

47.6 

82.1 

11 . 55 

14.44 

20 

ILCT 

-228 

Raj 

B 

44 . 8 

84 . 3 

14 . 14 

1 6 . 27 
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8 

Branch 

length 

(cm) 

9 

NumliiJt; 'jJ, 

leaves/ 

Plant 

10 

Green itj t; 

yield/plant 

( g ) 

11 

hi- y inati:er Ij 
yield/planr, 
(g) 

12 

iCal at ' !i 

rat -L-.:: 

1, ,3 

'3 r r ' • * 

eoi'i 

1 

71.77 

120.2 

. 55.47 

16 . 71 

1 n ,3 

24 , ro 

2 

6 SK 2 8 

1 1 . 3 

36 . 34 

16 . 9 b 

0 . HJS 

.31 no, 

3 

74 . 66 

113 . 9 

53.88 

16:25 

0 . 76 

23 . 73 

4 

92.27 

150.3 

90.72 

23.52 

0 .87 

25.40 

5 

93 .88 

183 . 5 

93.88 

25.65 

0.76 

26.14 

6 

95.11 

131 . 1 

54.55 

15.13 

0 . 91 

23.53 

7 . 

62 .88 

166.2 

70 .32 

20 . 06 

0 .88 

2 5.45 

8 

75 . 00 

13 0 . 0 

63 . 94 

18.31 

0 . 94 

23 .40 

9 

72 . 55 

110 . 3 . 

51.81 

15.31 

0.91 

24.08 

10 

66 . 11 

148 . 6 

53.93 

14.47 

0.81 

23.78 

11 

74 .88 

106.4 

66.73 

18.42 

1 . 0 7 

25.21 

12 

75.22 

157 . 0 

55.55 

17.11 

1.0 3 

2 1 . 0 

13 

82 .77 

158 . 0 

67 . 9 5 

18 . 76 

0 . 1 

25 . 60 

14 

83.44 

1 . 1 3 . 0 

6 / .20 

2 , 1.4 8 

1.00 

24 . 

15 

66.66 

125.0 

56.51 

14 .58 

1' . 2 2 

2 2.57 

16 

76 .61 

113 . 9 

56.64 

16.02 

1 . 04 ' 

2 3 . ' » 9 

17 

67 .55 

1. 3 0 . 1 

■ 55.98 

17.31 

''l.,lS 

23 . 9 9 

18 

65 . 00 

116.6 

59.63 

16.10 

1. . 2 1 

22.24 

19 

68 .'55 

151.1 

55.05 

16.07 

1.00 

2 6.23 

20 

74 . 77 

120.2 

85.40 

21.50 

■ 0 .92 

25.19 
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1 

2 

3 

4 

5 

6 

7 

21 

ILCT -229 

Raj 

B 

41.7 

78.4 

10.52 

16 . 50 

22 

ILCT -230 

Raj 

B 

44 .2 

62.2 

11 . 82 

13.44 

23 

ILCT -231 

MP 

B 

42.7 

61 . 5 

10 . 6 3 

18.66 

24 

ILCT -232 

MP 

B 

4 7 . 3 

72.5 

11 . 06 

15 . 55 

25 

ILCT -233 

MP 

B 

43 . 2 

64.8 

8.0 5 

14 . 50 

26 

ILCT -234 

WB 

B 

44.8 

75 , 3 

8 . 9 5' 

1 3 .. 0 0 

27 

ILCT -235 

Guj 

B 

43 . 6 

67.4 

15.31 

15.77 

28 

ILCT -236 

Guj 

w 

41 .7 

83 . 1 

12 ..31 ■ 

16 . 22 

29 

ILCT -237 

Guj 

w 

43 . 2 

56.3 

15 .67 

14 . 88 

30 

ILCT -238 

Guj 

w 

41.2 

79.1 

12 . 28 

14 . 94 

31 

ILCT -239 

UP 

B 

4 2.2 

54 . 2 

1 4 . 4 7 

15 . 94 

32 

ILCT -240 

UP 

B 

3 9.5 

86.3 

16.18 

14 .77 

33 

ILCT -241 

UP 

B 

44 . 3 

75 . 7 

12 .84 

17.05 

34 

ILCT -242 

WB 

B 

4 3 . 7 

73.0 

11.85 

14.44 

35 

ILCT -243 

UP 

B 

43.3 

6 9.7 

11.96 

16 .46 

36 

ILCT -244 

UP 

B 

40.1 

74.0 

15.05 

19.77 

37 

ILCT -245 

UP 

B 

4 5.2 

74.0 

10.81 

15.16 

38 

ILCT -246 

Raj 

B 

42 .0 

71.7 

11.52 

19.61 

39 

ILCT -247 

Raj 

B 

41.5 

68 .5 

16.47 

16 .55 

40 

ILCT -248 

Dlh 

W 

47.4 

71 . 5 

17.45 

15 .66 

41 

ILCT -249 

Dlh 

B 

47.2 

73.9 

15.63 

16 . 94 

42 

ILCT -250 

Raj 

B 

43 . 0 

64 .8 

12.55 

13 . 00 
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6 8.22 

12 0.2 

58 . 50 

1 5 . .' 1,2 

1 . 0 7 

24.03 

67 . 27 

125 . 3 

54.72 

16.43 

1.0 0 

22.0 5 

72 .66 

142 . 6 

71.21 

21 . 78 

0,94 

21.36 

64.66 

138 . 1 

67.33 

18.46 

0.81 

21.60 

71 . 88 

127 . 5 

60.22 

15.92 

1.12 

21 . 45 ' 

78.77 . 

127.7 

61.57 

17.24 

0 . 74 

24.12 

74.33 

111 . 7 

62.11 

16.64 

0.83 

22 . 90 

IS . 22 

142.2 

57.88 

17.42 

0 . 84 

23 . 95 

63.88 

108.2 

44.35 

13 . 78 

1.02 

2 5.65 

70.66 

107.0 

41.95 

12.34 

0 . 91 , 

25.61 
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162 . 0 

68 .80 

19 . 21 

' 1.2 3 

24 . 3 0 

66.38 

115.2 

57.10 

1 5 .95 

039 9 
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6 7 . 1 .1 

1 ■! H . 

(> 7 . 1 ' . 

1 '» . 0 1 

0 . ' ' ‘ 1 


69.22 

118.5 

49 .25 

14 . 61 

1 . 22 , 

21.44 

79.44 

162 .2 

62 .81 

18.47 

1 . 0'6 

24.35 

79.44 

162 . 0 

74.62 

21.90 

■ 0 . 92 ' 

21.96 

69 .33 

122 .9 

52 . 00 

14.36 

■' 1 '. 13 

23.3 6 

89.11 

159 . 3 

58.22 

18 . 32 

O'. 7 5' 

24.75 

86.44 

157.7 

57.40 

17.97 

■ 1 ,. 06 ' ■ 

25.32 

67.44 

169.4 

70.58 

21.94 

r."1 ‘o 

20.31 

70.33 

168 .0 ' 

63.90 

17.04 

■ l'."04 7 '.; 

26.04 

63 . 00 

127.4 

44 .28 

11.70 
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2 
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5 

6 

7 

43 

ILCT 
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71 . 9 
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13 . 55 

46 
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47 
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48 
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17.44 

51 
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52 
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71.1 
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19.88 

53 
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TN 

B 

46.2 

89.0 

11.82 

20.27 

54 

ILCT 

-262 

UP 

B 

49.4 

74 . 6 

11 .44 

16.83 

55 
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-263 

UP 
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45.7 

58.7 

11 . 15 

12.55 

56 
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-264 

UP 

B 

48.2 

77.8 

12.66 

15.77 

57 
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-265 

UP 

B 

4 6.7 

66.8 

13 .88 

17 .05 
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59.4 

7. 66 

14.72 
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-267 
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62 .0 

:i 2 . 3 0 

13 . 05 

i)0 

II,CT 

-26 8 

R.i i 
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4 0.2 

1.5 .0 

I f. . f.o 
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C 1 
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-267 

Raj 
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7 1 .•) 
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R,. i 
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8 

9 

10 


11 

12 

13 

43 

71.44 

123 . 5 

60.22 


17.22 

1.01 

23 . 04 

44 

67 . 00 

122 . 2 

52.11 


15 . 93 

1.24 

22.14 
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39 . 32 


11.32 

0 . 91 

22.12 

46 
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74 . 17 


21.32 
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22 . 14 

47 

64.22 

133 . 9 

48.22 


13.85 
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24.50 

4 8 

62.22 

120 . 9 

4 2.27 


12 .65 

0.8 9 

■ 22.80 

49 

60 . 00 

134 . 5 

65.92 


19.62 

1.00 

23.85 

50 

62 . 77 

135.4 

4 4.46 


13 . 34 

0.97 

24.19 

51 

59.77 

115 . 3 

51 . 76 


13 . 77 

0.84 

22.23 

52 

67.22 

120 . 5 

41.80 


12.65 

1.07 

23.42 

53 

85.44 

154 . 4 

75.04 


22.48 

0.87 

23.78 

54 

69 . 11 

14 5.6 

53.34 


16 .91 

0.81 

25.72 

55 

54 . 11 

109 . 9 

39.43 


11.12 

0.90 

22.92 

56 

79 .50 

118 . 7 

56.91 


17.25 

0.78 

24.52 

57 

63 . 11 

138.2 

66.53 


20.30 

1 .01 

24.3 7 

58 

62 . 11 

109 . 6 

46.35 


13.72 

0.99 

22.46 

59 

56 . 55 

96 . 6 

43.82 


13 .16 

0.91 

26.99 

60 

6 5.66 

121.1 

47.98 


12.84 

1.03 

26.15 

61 

94.22 

156 . 9 

86.05 


24.08 

0.83 

25.67 

62 

72.44 

120 . 5 

64 . 81 


19.03 

0.87 

25.02 

63 

64.55 

157.3 

83.36 


24.55 

0.81 

26.54 

64 

72 . 00 

154 . 3 

78.22 


23.11 

0.86 

21.72 
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6 b . 9 

9 b '/■ 

]. >; 

. ] b 

67 

ILCT 

-275 

Raj 

B 

4 0 . 1 

58 . 9 

9 . 71 

18 

. 22 

6S 

ILCT 

-21 

Raj 

B 

45.2 
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Scheme ol'classificiUion may be summarised as; 


Characters 


Class 

Range 

la 


Dwarf 

53.25 - 67.13 

lb 


Medium 

67.14 - 81.02 

Ic 


'fall 

81.03 -94.90 

2a 


1 . 0 W branches 

8.05 - 1 1 .34 

2h 


Medium branches 

11.35 - 14.64 

2c 


Highly branched 

14.65 - 17.94 

3 a 


Low dry matter 

11.01 - 16.20 

3b 

% 


Medium dry matter 

16.21-21.39 

3c 


High dry matter 

21.40-26.60 


4a 

Low L/S ratio 

0.64 - 0.83 


4b 

Medium f./S ratio 

0.84- 1.04 


4c 

High L/S ratio 

1.05 - 1.24 



5a Low CP content 

21.13-22.41 



5b Medium CP contents 

22.42 - 24.61 



5c High CP contents 

24.62 - 26.99 


1 : Plant height (cm) 2: Number (if branchcs/planl 
3 ; Dry matlcr/plant (g) 4: 1.eaf-stem ratio 
5 : (’nule |)rolein content (%). 

Factors affecting the germination of Clitoria seeds. 

The germination behaviour of leguminous seeds is determined by the extent of 
hard-seededness, dormancy and polymorphism. In the present study eight diverse genoty|ics 
(with different seed coat colours) were examined for germination behaviour under dilferent 
treatments viz, sowing depths (cm), .soils ly]ies , temperature ("(’) and (liffereni colour of 
light. The results olilained are as follows ; 

(1) Effect of different sowing dcpths(cni). 

The results revealed significantly higher germination rate at 2 cm sowing depth 
than sowing at greater depths (Table 14). In general the germination decreased from a 
maximum of 72.5% at 2 cm depth to 35% at 8 cm depth. Differential genotypic response was 
found to the sowing depths on seed germination. Bluish grey colour seeds of IL.CT-221 and 
ILCT-249 with 91 .3 and 76.2% gemination, respectively, at 2 cm depth showed relatively 


Table 13 : A Ke^y tor the classification of 
genepool . 


C. ternatea 


Groups 

Characters 

Performance for various characters 
and respective accessions. 

01 

la 

2a 

3a 

4a 

5a 

Dwarf plants 

Low number of branches 

Low dry matter per plant 

Low leaf-stem ratio 

Low ci'ude protein content 
(ILCT -281) 

02 

• 


5b 

Medium crude protein content 
(ILCT -218) 

03 



5c 

High crude protein content 
(ILCT -275) 

04 


4b 

5a 

Medium leaf-stem ratio 

Low crude pirotein content 
(ILCT -276) 

05 



5b 

Medium crude protein content 
(ILCT -263 and 266) 

06 


4c 

5a 

High leaf-stem ratio 

Lov; crude protein content 
(II.CT -23 3) 

07 



5 b 

M uliuiri crude protein GijnLi'.'iit 
(ILCT -255 and 293) 

08 

3b 

4 b 

5 a 

Medium dry matter per plant 

Low leaf -stem ratio 

Low crude protein content 
(ILCT -274) 

09 



5b 

Medium crude protein content 
(ILCT -257) 

10 

3c 

4b 

5a 

High dry matter per plant 

Medium leaf-stem ratio 

Low crude protein content 
(ILCT -231) 


2b 



Medium number of branches 


(Contd. .13) 
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1 

2 



3 


3a 

4 b 


Low dry matter per plant 

Medium leaf -stem ratio 

11 



b cl 

Low crude protein content 
(ILCT -259) 

12 



5b 

Medium crude protein content 




{ILCT -256) 

13 


4c 

5c 

High leaf -stem ratio 

High crude protein content 
(II.CT -250) 


3b 

4 b 


Medium dry matter per plant 
Medium leaf -stem ratio 

14 



5a 

Low crude protein content 
(ILCT -230) 

15 



5b 

Medium crude protein content 
(ILCT -265 and 297) 




5c 

High crude protein content 

16 




(ILCT -210) 

17 


4 c 

5b 

Hi cj 1 1 1 e a f ■ s t e rn r a t i o 

Medium crude protein content 
(ILCT -239 and 288) 

18 



5c 

High crude protein content 




(IliCT -209) 


3 c 

4 a 


High dry matter per plant 

Low leaf -stem ratio - 

19 



5b 

Medium crude protein content 
(ILCT -292) 

20 



5 c 

High crude protein content 




(ILCT -271) 


2c 



Tall plants 


3a 

4b 


Low dry matter per plant 

Medium leaf -stem ratio 

21 



5c 

High crude protein content 
(ILCT -237 and 26.8) 


(Contd . . 13 ) 





(Contd . . 13 ) 






Mejidium plant height 
Low number of branches 


Low dry matter per plant 

Low leaf stem ratio 

Medium crude protein content 


Medium leaf -stem ratio 
Medium crude protein content 
( ILCT -284 ) 


af-stem ratio 
de protein contenl 
226 and 252 ) 


High Prude protein content 


Medium dry matter per plant 

Low leaf-stem ratio 

Low crude protein content 


content 


f 


(Contd. .13) 






1 


2 


3 

33 


4b 

5a 

Medium leaf-stem ratio 

Low crude protein content 
(ILCT -283) 

34 



5b 

Medium crude protein content 
(ILCT -251) 

35 


4c 

5a 

High leaf-stem ratio 

Low crude protein content 
(ILCT -254) 

36 



5b 

Medium crude protein content 
(ILCT -225) 

37 

3c 

4a 

5c 

High dry matter per plant 

Low leaf-stem ratio 

High crude protein content 
(ILCT -269) 

38 


4b 

5c 

Medium leaf -stem ratio 

High crude protein content 
(ILCT -212 and 296) 


2b 

3a 

4a 

5b 

Medium number of branches 

Low dry matter per plant 

Low leaf-stem ratio 

Medium crude protein content 

39 

40 


4b 

5b 

(ILCT -291) 

Medium leaf -stem ratio 

Medium crude protein content 
(ILCT -258) 

41 



5c 

High crude protein content 
(ILCT -238, 273 and 290) 

42 


4 c 

5a 

High leaf-stem ratio 

Low crude protein content 
(ILCT -287) 

43 



5b 

Medium crude protein content 
(ILCT -242 and 260) 


(Contd. 



(Contd. . 13 ) 


High crude protein content 
( ILCT -223 ) 

Medium dry matter per plant 
Low leaf-stem ratio 
Low crude protein content 
( ILCT -279 ) 

Medium crude protein content 
( ILCT -264 and 277 ) 

High crude protein content 
( ILCT -246 and 262 ) 

Medium leaf -stem ratio 
Medium crude protein content 
( ILCT -286 ) 

High crude protein content 
( ILCT-241. 270 and 299) 

High leaf-stem ratio 
Medium crude protein content 
( ILCT -243 ) 

High dry matter per plant 
Medium leaf -stem ratio 
Medium crude protein content 
(ILCT -289, 295 and 298) 


High number of branches 
Low dry matter per plant. 
Medium leaf -stem ratio 
Low crude protein content 
( ILCT 253 ) 

Medium dry matter per plant 
Low leaf-stem rat:io 
Medium crude prcjl.ein content 
( ILCT -235 ) 


High leaf -stem ratio 
High crude protein coiil:(,;nt: 
(ILCT -247 and 249) 


■ 


Contd. .13) 






( Contd . . 13 ) 


1 


2 


3 


55 


56 


3c 

4b 

5a 


High dry matter per plant 
Medium leaf -stem ratio 
Low crude protein content 
( ILCT -244 and 272 ) 


4c 


5a 


High leaf-stem ratio 
Low crude protein content 
( ILCT -248 ) 


57 


Ic 

. 

3 a 

4b 

5b 


Tall plants 

Low number of branches 
Low dry matter per plant 
Medium leaf-stem ratio 
Medium crude protein content 
( ILCT -217 ) 


58 


3b 

4a 

5b 


Medium dry matter per plant 
Lowleaf-stem ratio 
Medium crude protein content 
( ILCT -211 ) 



59 

2b 

3a 

4b 

5b 

Medium number of branches 

Low dry matter per plant 
Medium leaf stem ratio 

Medium crude protein content 
(ILCT -214) 

60 

5c 

High crude protein content 
(ILCT -227) 




I 

s 



Medium dry matter per plant 
Medium leaf-stem ratio 
Low crude protein content 
(ILCT -220) 


Medium crude protein content 
( ILCT -216 and 236 ) 

High crude protein content 
( ILCT -221 ) 

High leaf-stem ratio 
High crude protein content 
(ILCT -219) 





(Contd . . 13 ) 


1 


3 


65 


66 

67 


68 

69 



3c 


4a 

5c 


High dry matter per plant 
Low leaf -stem ratio 
High crude protein content 
( ILCT -213 ) 


4b 

5b 


Medium leaf-stem ratio 
Medium crude -protein content 
( ILCT -222 an d 261 ) 


5c High crude protein content 

( ILCT -228 ) 


2c 

3a 

4b 

5a 


High number of branches 
Low dry matter per plant 
Medium leaf-stem ratio 
Low crude protein content 
( ILCT -240 ) 


5b Medium crude protein content 

( ILCT -224 ) 


3b 

4b 

5c 


Medium dry matter per plant 
Medium leaf -stern ratio 
High crude protein content 
( ILCT -215 ) 



higher germinalion lhail other seed types. Lowest emergence was observed in brown seeded 
genotype ILCr-269 (54%), Black seeded genotype ILCT-272 proved superior over other 
types when sown at 4 cm (73.5%) and 6 cm depth (60,3%) while in ILCT-249 (bluish grey 
seed) the germination was lowest amongst all the types at 4 and 6 cm depth.. At deep (8cm) 
sowing grey seeded genotypes ILCT-213 and ILCT-215 showed highest germination (46.6 
and 44.3%) while in the bluiSh grey genotype (lLCT-221) it was the lowest (22.2%). 

(11) Effect of different soil types 


The germination of diflerent types of Clitoria seeds varied significantly with diff erent 
types of soil (Table 1 5). 1 he mixed soil type was most conducive to seed germination (72 9%) 
followed by organic (63.8%) and red soils (63.3%) and minimum (58.4o/o) in black soils (Table 
1 5). All the genotypes showed similar trend of germination (55-69 %) in red soil treatment. In 
black soil, brown and grey seeded accessions viz. ILCT-213 and ILCT-269 showed relatively 
higher percentage germination (66.8%) than other types. Under organic soils treatments, 
significantly higher number of .seeds germinated (78.3%) in black seeded genotype ILCT 272 
followed by ILC r-261 of brown seed coat. Among all the treatment, mixed soils proved to be 
most suitable for the germination o[' Clitoria seeds, the maximum being 88.8% germination in 

grey seeded genotype ILCT-213 followed by 85.3% in black seeded ILCT-278. 


(III) Effect of different temperatures ("c) 

Gennination ot various seed types of C. ternatea was highly significantly influenced 
due to temperature treatments (Table 16). The average germination of different types of seed 
increased progressively from 33.6% at 5«c to 71.0% at 35%. The varietal response to 
temperature was also highly significant. It ranged between 22% to 44% at low temperatures 
and between 52% to 83% at higher temperatures. At low temperature (5“c) poorest germina- 
tion was observed in brown seeded ILCT 269 (22.2%) followed by bluish grey ILCT 249 
(_5.7^). At more than 15"c maximum germinability (83.4%) was observed in bluish grey 
seeded ILCT 249 followed by 79.4% in brown seeded ILCT 269 (Table 16). Although strong 
temperature effects on seed germination were pronounced between 5“ to 15%, these differences 
were much less between 15 to 35° in the different seed types. Amongst all the seed types 
brown seeded ILCT 261 was conspicuous in the .sense that it showed relatively higher 
germination (44%) at the lowest temperature and lower germination (52-53%) at more tlian 
1 5% as compared to other genotypes. 

(IV) Effect of different colours of light 

The gennination of various genotypes of Clitoria varied with different colour of 


sowing depths (cm) on germination of 


Table 14 : Effect of different 
C. ternatea genotypes. 

% seed germination at 

Genotypes Seed D1 (2cm) D2 (4cm) m (6cm) 

colour 


D4 (8cm) 


ILCT 

-213 

Grey 

59 . 01^ 

(73.5)^ 

58,34 

(72.4) 

48 . 18 

(55.4) 

43 . 06 

(46.6) 

ILCT 

-215 

Grey 

57.61 

(71.0) 

50.79 

(60.1) 

48 .20 

(55. 5) 

41,73 

(44.3) 

ILCT 

-221 

Bluish 

grey 

72.84 

(91.3) 

47 .24 

(53.9) 

36.57 

(35.5) 

2 8 . 06 

(22.2) 

ILCT 

-249 

Bluish 

grey 

60 . 70 

(76.2) 

43 . 08 

(46 . 0) 

33 . 84 

(31.0) 

36 . 51 

(35.4) 

ILCT 

-261 

Brown 

53 . 49 

(64.0) 

45.61 

(51.0) 

44 . 84 

(48.8) 

35.17 

(33.2) 

ILCT 

-269 

Brown 

48.33 

(54.0) 

46.90 

(53.3) 

43.08 

(46.6) 

40.33 

(41.8) 

ILCT 

-272 

Black 

57.49 

(71.2) 

59.01 

(73.5) 

50.94 

(60.3) 

37.84 

(37.6) 

ILCT 

-278 

Black 

57.61 

(71.0) 

48.51 

(57.8) 

48.21 

(55.6) 

30.56 

(25.8) 



Mean 

58.38 

(72.5) 

50.06 

(58.8) 

44.23 

(48. 5) 

36.65 

(35.86) 


Interaction due to 

SE(m)± 

CD at 5% 

'F’ Value 

CV{%) 

Sowing depth 

0.50 

1.39 

•k it 

297.20 

17.70 

Genotypes 

0.71 

1.79 

iek 

11.37 


Genotypes X 

Sowing depth 

1.42 

3.93 

★ * 

10.81 



a Sign inverse transformed value 

b Actual germination percentage values are given in parenthesis 
* P < 0. 05 


Table 15 : Effect of different soil types and their combination on 
germination of C\ ternatea genotypes 






% seed 

germination i.n 


* '■ 

Genotypes 

Seed 

colour 

Red soil 

Black soil 

Organic soil 

Mixed soil 

ILCT -213 

Grey 

53.48^ 

(64.6)^ 

54.79 

(66.8) 

48.18 (55.5) 

70.47 

(88.8) 

ILCT -215 

Grey 

56.18 

(69.0) 

49.49 

(57.8) 

54.12 (65.63) 

54 .79 

(66.7) 

ILCT -221 

Bluish 

grey 

52.08 

(62.3) 

45.64 

(57.1) 

49.51 (57.8) 

53.49 

(62 .6) 

ILCT -249 

, Bluish 
grey 

53.49 

(64.6) 

46.90 

(53.3) 

52.08 (62.3) 

56.6 9 

(69.8) 

ILCT -261 

Brown 

48.09 

(55.4) 

46.90 

(53.3) 

56.40 (69.4) 

59.01 

(73.4) 

ILCT -269 

Brown 

53.49 

(64.6) 

54.79 

(66 . 8) 

53.48 (64.6) 

56 .18 

(69.0) 

ILCT -272 

Black 

50.79 

(60.1) 

48.18 

(55.5) 

62.22 (78.3) 

60 . 70 

(76.1) 

ILCT -278 

Black 

53.49 

(64.6) 

52.10 

(62.3) 

48.18 (55.5) 

67.47 

(85.3) 


Mean 

52.63 

(63.15) 

49.84 (58.40) 

53.02 (63.80) 

58.60 

(72.90) 

Interaction due to 

SE (m)i: 

CD at 

5% 

'F' Va-lue 

CV ( % ) 

Soil type 


0.55 


1.51 


** 

91.11 

17 

.66 

Genotypes 


0.77 


2 . 14 


★ * 

2.29 



Genotypes 

X 

1.54 


4.28 


. -kit 

4.94 




Soil types 


a Sign inverse transformed value 

b Actual germination percentage values are given in parenthesis 
** P < 0 . 01 


Table 16: Effect of different temperatures (°C) on germination of 

C. tejTiiatea genotypes 







% seed 

germination 




Genotypes 

Seed 

colour 

Temp • 

5°C 

Temp . 

15°C 

Temp 

.25®C 

Temp. 

35°C 

ILCT 

-213 

Grey 

36 . 56^ 

(35.5)^ 

53.20 

(64.1) 

60.72 

(76.1) 

56.71 

(69.9) 

ILCT 

-215 

Grey 

35 . 17 

(33.2) 

56.58 

(69.7) 

58.50 

(72 . 7) 

56 . 86 

(70.1) 

ILCT 

-221 

Bluish 

grey 

33.84 

(31.0) 

59.01 

(73.5) 

57.28 

(70.8) 

57 . 56 

(71.2) 

ILCT 

-249 

^Bluish 

grey 

30.50 

(25.7) 

60.88 

(76.3) 

59 . 07 

(73.6) 

65.96 

(83.4) 

ILCT 

-261 

Brown 

41.73 

(44,3) 

46.15 

(52.0) 

46.16 

(52.0) 

46 . 92 

(53.3) 

ILCT 

-269 

Brown 

28.06 

(22.2) 

57.22 

(70.7) 

58.29 

(72.4) 

63.03 

(79.4) 

ILCT 

-272 

Black 

36 . 57 

(35.5) 

56.38 

(69.0) 

55.58 

(68.1) 

53.30 

(64 .3) 

ILCT 

-278 

Black 

40.33 

(41.8) 

59.08 

(73.6) 

58.09 

(72 . 0) 

59.22 

(73.8) 



Mean 

35.34 

(33 . 65) 

56.08 

(68.8) 

56.71 

(69.9) 

57.44 

(71.0) 

Interaction 

due to 

SE (m) 

± 

CD at 

5% 

- p , 

value 

CV(%) 


Temperature 


0.40 


1.11 


107. 

* ★ 

22 

19 . 4 


Genotypes 


0.66 


1.82 


26. 

■k 

46 



Genotypes X 
Temperature 


1.41 


3.15 


7. 

ic if 

80 




a Sign inverse transformed value 

b Actual germination percentage values are given in parenthesis 



Table 17: Effect of diffeirent colour of light on germination of 
C. ternatea genotypes. 


% seed germination in 


Genotypes 

Seed 

colour 


Blue 

Violet 

Red 


Dark 

ack 

ILCT -213 

Grey 

54 

. 12^ 

{65.5 

53.98 

(65.4) 

51 . 59 

(61.2) 

59.01 

(73.5) 

ILCT -215 

Grey 

50 

.78 

(60.0) 

58.09 

(72.1) 

56.68 

(69.8) 

57.49 

(71.2) 

ILCT -221 , 

Bluish 

grey 

46 

.16 

(52.1) , 

53.18 

(64.1) 

55.58 

(68.0) 

60.70 

(76.2) 

ILCT -249 

^Bluish 

grey 

52 

.38 

(62.7) 

53 . 94 

(65.3) 

59.88 

(74.8) 

56 . 18 

(69.0) 

ILCT -261 

Brown 

46 

.15 

(52.0) 

46 .91 

(53.3) 

45 . 38 

(50.7) 

53 . 49 

(64.0) 

ILCT -269 

Brown 

53 

. 98 

(65.4) 

54 .99 

(66.7) 

62 . 82 

(79.1) 

48,20 

(55.5) 

ILCT -272 

Black 

54 

.89 

(66.9) 

54 , 77 

(66.7) 

53.30 

(64.3) 

62 . 82 

(79.1) 

ILCT -278 

Black 

52 

.44 

(62.8) 

56.46 

(69.5) 

59.01 

(43.5) 

57 .61 

(71.0) 


Mean 

53 

.36 

(61.0) 

54.01 

(65.5) 

55.53 

(68. 0) 

56.93 

(69.9) 

Interaction 

due to 


SE(m) + 

CD at 

5% 

"F' value 

CV(%) 


Light colour 


0.37 


1.02 


12 

* ★ 

.33 

12.10 


Genotypes 



0.60 


1 . 66 


25 , 

** 

. 94 



Genotypes X 

Light colours 


1 . 04 


2.88 


5 . 

** 

.22 




a Sign inverse transformed value 

b Actual germination percentage values are given in parenthesis 
** P < 0.01 


light exposure to seed. Seed germination was significantly higher (69.9%) in total darkness 
while it was lowest under blue colour of light (Table 17). The brown seeded ILCT 261 
showed lowest germination in all the light treatments except under dark situations and another 
brown seeded lix: 1-269 showed minimum emergence (55.5%) in total darkness. Maximum 
germination was recorded in black seeded genotype lIX'T-272 under blue (66.9%) arid dark 


situation (79. 1 /o). burthei , the giey seedeil genotype ILC 1-215 showed maximum germination 
in violet light while brown seeded ILCT-269 gave highest germination (79. 1 %) in red colour 
oflight. 


Genotypic stability 


Analysis ol variance (ANOVA) for gene X environment interaction (Table-18) 
indicated that the varietal diflerences were significant for dry matter (DMY t/h), crude protein 
yield (CP t/h) and dry matter/plant (g). Environments varieties were found to be significant 
for all the traits except for green fodder yield (GFY t/h), leat-stem ratio and dry matter/plant 
(§)• These results indicated strong environmental influence on the expression of genetic 
variability . It is confirmed by the sign! ficant mean sum of squares due to environment observed 
for the characters except for dry matter per plant (g). Varieties ^environment interaction were 
found to be significant for crude protein yield (t/h) and plant height (cm) only. It showed that 
the improvement in the varieties in relation to these two characters only may be possible for 
particular environment (s). 

Variances due to environment (linear) were significant for all the characters except 
for leaf-stem ratio. It indicated that the positive swift in the environmental conditions may 
bring about promising genotypes for different attributes. Varieties X environment linear were 
significant for dry matter yield (t/h), crude protein yield (t/h), plant height (cm) and dr\ matter 
per plant (g) which indicated possibility of prediction of performance of genotypes for j/ iven 
environment. Pooled deviations were significant for dry matter yield (DM Y t/h), crude proicin 
yield (t/h), branch number per plant, green fodder/plant (g) and dry matter per plant (g). Out of 
these characters the significant variances for varieties X environment linear and pooled deviation 
were found to be common for dry matter yield ( t/h), crude proicin yield (t/h ) and dry matter/ 
plant (g). A definite conclusion for prediction of performance for the genotypes for these 
parameters therefore may hardly be drawn. The prediction of performance of the varieties for 
branch number and green fodder/plant (g) may not be possible at all. 

Results for stability parameters indicated that 50% of the varieties performed 
below the over all mean for green fodder yield (t/h). Two genotypes namely ILCT-278 and 
ILCT-249 showed an increased fodder production potential, value of ‘bi’ to be 0.5 1 and 1 .3 17, 
respectively, while showing less deviation from unity. The mean square deviation of these 


Table 18: ANOVA for G X E interaction for fodder, crude protein, seed yield and forage yield 
components in C. tcrnatea genotypes. 


Source of 
Variation 

df 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 


Y1 

Y2 

Y3 

Y4 

XI 

X2 

X3 

X4 

X5 


Varieties 

7 

4.373 

•k-k 

0.839 

kk 

0.036 

kk 

0.023 

80.525 

3.982 

122.439 

14.520 

0.026 

Environment 

X Variety 

16 

13-174 

kk 

1.226 

0.055 

0.0004 

ifae 

130.925 

kk 

24.058 

kk 

461.700 

45.904** 

0.013 

Environment 

2 

94.887 

kk 

9.045 

kk 

0.402 

0.001 

•kit 

838.664 

148.000** 

2073.568** 

kk 

289.347 

0.017* 

Varieties 

X Environment 

14 

1-501 

0.109 ' 

0.006* 

0.0003 

kit 

29,819 

6.352 

1020.862 

11.127 

0.125 

Envi ronment 

1 

189.774 

kk 

18.091 

kk 

0.804 

** 

0.002 

kk 

1677.328 

** 

296.000 

5947,137 

kk 

578.694 

0.035 

Linear 











Varieties 

7 

1-889 

kk 

0.169 

kk 

0.009 

0.0003 

kk 

55.181 

6.283 

141.767 

kk 

17.063 

0.015 

X Environment 











Pooled 

Deviation 

8 

0.974 

0 , 042 '' 

kk 

0.003 

0.0003 

3.900 

** 

5.618 

55.963 

4.542* 

0.008 

Pooled Error 

48 

0.209 

0.019 

0.001 

0.0004 

6.936 

0.743 

14.688 

1.677 

0.008 

Total 

23 

10.496 

1.108 

0.049 

0.007 

115.586 

17.948 

358.447 

36.353 

0.017 


Y1 Green fodder yield (t/h) XI Plant height (cm) 

Y2 Dry matter yield (t/h) X2 Branch number 
Y3 Crude protein yield (t/h) X3 Fodder yield/plant (g) 

Y4 Seed yield (t/h) X4 Dry matter yield/plant (g) 


X5 Leaf/stem ratio 


Table 19: Stability parameters of individual genotypes in C.ternatea 


Varieties 

Green 

fodder 

yield 

(t/h) 

Dry 

fodder 

yield 

(t/h) 

Crude 

protein 

(t/h) 

Seed 

yield 

(t/h) 

Plant 

height 

(cm) 

Branch 

number 

Green 

fodder 

/plant 

(9) 

Dry 

matter 

/plant 

(g> 

L/S 

ratio 

lLCT-213 

Mean 

16.57 

4.72 

1.09 

0.36 

74.34 

12.37 

72.54 

20.78 

1.33 


bi * 

0.960 

0.812 

0.719 

2.509 

1.394 

0.557 

0.808 

0.770 

-1.160 


S^di 

’0.174 

-0,007 

0.000 

-0.001 

2.906 

-0.731 

2.672 

3.054 

-0.008 

ILCT-215 

Mean 

18.21 

5.29 

1.10 

0,28 

66.62 

15.67 

56.98 

15.92 

1.44 


bi 

1.439 

1.342 

1.377 

0.313 

0.475 

1.422 

0.273 

0.252 

2.600 


? 

* 






* 




S di 

0.667 

0.002 

-0.002 

-0.001 

-4.672 

-0.706 

84.767 

5.371 

-0.008 

ILCT-221 

Mean 

18.38 

4.15 

1.09 

0.49 

67.52 

14.06 

65.45 

18.68 

1.50 


bi 

1.160 

0.892 

0.838 

-0.157 

1.141 

0.718 

0.814 

0.561 

1.469 



** 

★ 





** 

■k 



S'^di 

3.041 

0.100 

0.009 

-0.001 

-4.584 

1.740 

169.022 

8.883 

~ 0.005 

lLCT-249 

Mean 

18.70 

5.85 

1.22 

0.35 

75.36 

13.80 

71.27 

22.00 

1.30 


bi 

1.317 

1.464 

1.283 

1,254 

0.784 

0.564 

1.259 

1.262 

0.478 









** 


S^di 

’0.067 

-0.019 

0.001 

-0.001 

-6-832 

6.795 

78.530 

-7.288 

0.009 


(contd..19) 







stability parameters (bi & s^di) for GFY (t/h) in 
the genotypes of CJernatea 










Figure 



stability parameters (bi & S^di) for DFY (t/h) 
in the genotypes of C. ternatea 
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Figure 



stability parameters (bi & S^di) for CP yield (t/h) 
In the genotypes of C. ternatea 
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Figure - 



stability parameters (bi & S^di) for seed yield (t/h) 
in the genotypes of C. ternatea 
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Figure 
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Jtability parameters (bi & S di) for branch number 
/plant in the genotypes of C. ternatea 







Figure 



Stability parameters (bi & S^di) for GFY/plant (g) 
in the genotypes of C. ternatea 
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Stability parameters (bi & S^di) for DMY/plant (g) 
In the genotypes of C. ternatea 
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stability parameters (bi & S^di) for leaf-stem ratio 
in the genotypes of C. ternatea 



Figure 


entries were non-signilicant (Table 1 9, Fig 6). The dry matter fodder yield (t/h) of four entries 
surpassed the over all mean value. Considering regression coefficient (bi and SMi), only ILCT- 
278 showed highest stability for DMY (Table 19, Fig 7). The only genotype ILCT-269 which 
could show desiicd values lor bi and S di for crude protein yield (t/h) but its mean value was 
lower than the overall mean ( 1 able 19, Mg 8). Similar results were observed for seed yield 
where no genotype appeared to be stable. As regards the plant height (cm) a genotype ILCT- 
261 showed the best perlormance as its mean value was above the overall mean and the value 
of its ‘bi’ close to unity and non-significant for SMi (Table 19, Fig 10). For number of branches/ 
plant, lLCT-278 showed a bit better performance over other entries in the context of each of 
the stability parameters, however, the information is not much encouraging (Table 1 9, Fig 1 1 ). 
In case of green fodder yicld/plant (g) none of the genotype appeared to be stable as the value 
of ‘bi’ was noticed to be much away from unity (Table 19, Fig 12). A similar trend was observed 
for dry fodder yield/plant (g). In the context of leaf/ stem ratio (d'able 1 9, Fig 1 4) ILC4-278 
was the best among all genotypes as its mean value was 1.54, bi (1.01) say unity and non 
significant S-di (0.009). 

Relative growth rate (RGR) 

The genotypes of butterfiy pea showed a wide range of variation in the relative 
growth rate (RGR) of leaf, stem and leaf + stem (whole plant). The RGR of the whole plant of 
all the lines studied was maximum during the period of 40 to 50 days of crop growth (RGR-I: 
0.098-0.188 g/g'Vday') but reduced substantially afterwards 50-60 days (RGR-II: 0.1 1-0.83 
g/g-'/day-'). 

The relative growth rate of the stem component of the plant maintained nearly 
twice as much growth rate as the leaf during the period 40-60 days (Mean RGR I: leaf-0.0947 
i.0.()06 and stem - 0. 1 746±().007 g/g Vday ‘), hut such differences were considerably reduced 
during the period 50-60 days ( RG R 1 1 : leaf- 0.026.U0.002 and stem - 0,03+0.003 g/g '/day ' )• 
At the early stages (RGR-l) the different genotypes sliowcd greater heterogeneity for tlie stem 
(CV 29.56%) than in the leaf (CV 1 5.21%) and whole plant (GV 1 5.65%). A similar sequence 
was maintained at the later stage of growth as well except that the values of coefficient ol' 
variation were considerably higher for stem (44.43%), leaf (39.55%) and whole plant (37.50%). 
The result indicated that there was a progressive reduction in growth rate with increasing size 
of the plants and its components (Tables 20 and 21). It was evident (Table 21) that the leaf/ 
stem ratio of the plant along with the relative growth rate of the leaf component got progressively 
reduced from first to second period of growth (Table 1 9). 

The genotypic heterogeneity as indicated by the values of the coefficient of variation 

(Tables 20 & 21) for the relative growth rate of the whole plant and its components was 



Table 20: Range, mean and coefficient of variation in relative 
growth rate (RGR) of leaf, stem and plant (leaf + stem) 
in genotypes of C. ternatea (on dry matter basis) 


Character 


Range 


R G 


R 


Mean 


CV ( % ) 


RGR-I (40-50 days) 


Leaf 

0 . 067-0 . 138 

0 .0947 

± 

0.006 

15.21 

Stem 

0.136-0.242 

0.1764 

± 

0.007 

29.56 

Leaf + stem 

0 . 098-0 . 188 

0.1392 

± 

0.003 

15.65 

I (50-60 days) 






Leaf 

0.010-0.042 

0.0263 

± 

0.002 

39 . 55 

Stem 

0.016-0.007 

0.03 

± 

0.003 

44 .43 

Leaf + stem 

0 . 011-0 . 043 

0.0274 

± 

0 .004 

37.50 


Table 21: Mean, dry matter yield (g) of leaf, stem, plant (leaf + 
stem) and L/S ratio in C. ternatea genotypes 


Character 40 days 50 days 60 days 


Mean CV { % ) Mean CV ( % ) Mean CV ( % ) 


•Leaf 

59.42 

± 

1 . 93 

19.6 

134 .87 

± 

0.47 

14,2 

163 . 52 

+_ 

3.19 

16 . 0 

Stem 

39 . 18 

± 

1.42 

21.0 

167.72 

± 

0.94 

16.7 

231.15 

± 

4 . 88 

13 . 0 

Leaf + stem 

98 .60 

± 

3 . 10 

18 . 8 

302.59 

± 

1.08 

12.5 

394.67 

4’ 

7.4 

18.6 

(plant) 













Leaf- stem 

1.83 

± 

0.83 

23.4 

0.93 

± 

0.16 

19.0 

0.78 

± 

0. 06 

10 . 0 


ratio 





considerably higher (CV 15-44%) than the dry matter yield of the plants at different stages of 
growth (CV 10-23%). 

The association between the RGR values of whole plant, stem and leaf was strongly 
significant within each of the respective growth periods and the magnitude of the correlations 
was maximum (0.9210 and 0.8912) between the whole plant and the stem component. Within 
each growth period the RGR for the whole plant, stem and leaf component showed a negative 
highly signi ficant correlation with their respective initial dry matter yield ie 40 days for RGR 
1 and 50 days for RGR 11 ('fable 22). The study indicated that the genotypes with low initial dry 
matter yield tended to grow more aggressively than the ones with higher initial yield (Table 
22). On the other hand the leaf /stem ratio was most important as the magnitude ol'its correlation 
with stem and the whole plant increased from moderate to high level of significance from first 
to the second period of growth (Table 22). The study suggest that the selection for aggressive 
growth types in butterfly pea could be based on high leaf/stem ratio. 

Compatibility of C with grasses 

Plant height (cm) 


The plant height of Clitoria (Butterfly pea) was not affected by different grass 
combination treatments but was significantly influenced by cutting treatments (Table 23) and 
also due to different enviromnent in different years. Data of three years (average) indicate that 
the first cut plant height of Clitoria was significantly higher than the second cut. The average 
plant height in two cuts each year was maximum in first year (1991) and minimum in the 
second year (1992) of growth (Tabic 23). . 

Chrysopogon fiilvus (Cf) had significantly taller plants in Cf + Sbl treatment (1 1 9.6 
cm) as compared to its pure stand or in any other grass + legume combination. In this grass 
plant height di (Terences due to cuttings were not significant but in the establishment year ( 1 990- 
9 1 ) the plants were significantly taller (145.3 cm) than in the following years /.c. 91 -92 and 92- 
93 with 85 and 90 cm height, respectively (Table23). ’ ; ' i;! > 1. > * 

The plant height in //. conlortus (He) and C. ciliaks (Cc) was not significantly 
different between their sole and mix crop stands with The plant heighi was, however, 

significantly higher in both the tO;the. second cut in 

Toth the years of observation. Similarly:#' 

more in the establishment year than in the following years of growth. . .. 

, , j , ^ 









rable 24: Effect ot inter-cropping treatments on branch 
number/ tillers per plant in the component species. 


Clitoria Chrysopogon Heteropogon Cenchrus 






100.5 


He + SD 
Cc + Sb 
Ct + Cf 
Ct + He 
Ct + Cc 
SE(m) ± 
CD at 5 
Cutting 
1st 
Ilnd 
SE (m) 
CD at 5 
Years 

1990 

1991 

1992 
SE (m) 
CD at 5 
CV(%) 


72.8 


78 . 1 


85.2 




Branch/ tiller number 



Maximum number of tillers were 


recorded during third year ( 168. 1 ) followed by 

f-to t^ '■[''lii'iiMf .ifd.flfif'-' 


ITie ti Her number in Cemhf ^ ^rwsed considerably in with legumes 

as compared to its pure stand. It was highest inas^Spciation with Subabul (812) followed by 
Clitoha + Cenchrus (78. 1 ) and lowest (f^) in pure sfjaad of Cen^hruSi The first cut recorded 
significantly higher number of (72.3). Similiarly the 

tiller number in Cenchrus increased from 2iSif ip tfie firsl year to 145 in the third year of 
growth (Table 24). 


Branch number ot C.ternatea (Ct) was significantly influenced by different inter- 
crop treatments { 1 able 24). Branch number in f 7//om was highest ( 1 2.8) in Ct + Sbl combination 
treatment followed by pure stand of butterfly pea and its combination with Chrysopogon 

Jiilvii.s (C l ) and Cc + Sbl. On the other hand minimum branch number was found in CT + Sbl 
combination. 


Based on an average of three years the first cut branch number of ClUoria was 
signilicantly higher (12.5) than the second cut (9.8). On the basis of the average of two cuts 
each \ eai the highest number of branches ( 1 3.4) was recorded in the second year followed by 
the third year (10.6) and first year (9.5) of grovrth (Table-24). 

1 he grass Chrysopogon fulvus (Cf) grown with subabul recorded higher number 
ot tillers (87.8) than in pure stand (84.2). Considerable reduction in grass tiller number (72.8) 
was observed in case of three species inter-crop combination (C. ternatea + C. fulvus + subabul) 
treatment. I he number of tillers in this grass increased significantly due to cuttings and 
environment (years) effect. Highest tillers were observed in third year ( 1 64.6) and minimum in 
the establishment year (25.4). 

1 illci luimbci in ! I.conlovlii.s was strongly influenced by different inter-crops 
tieatmcnts, cutting and environment in dilferent years ( 1 able 24). Maximum number of tillers 
(100.5) were recorded in pure stand followed by //. contortus + Subabul association (93.2). 
Maximum reduction in tiller numbers was observed in Cliloria + Heteropogon followed by 
CUtoria + Heteropogon + Subabul combination with 60.7 and 78.8 tillers, respectively. Number 
of tillers in Heteropogon were significantly higher in the first cut as compared to second cut. 
The size of the tussocks increased with age of the Heteropogon plant along with increase in 
tiller number. 

second ycar( > / unu n/vuv-.n ai» mv v.) /.i ), . i « . ifs-, f ' .i" 



Crude protein content (%) 


t rude protein content in the forage of ( Titoria differed signi ficantly in the di fferent 
combination treatment. I he most favourable combination was Clitoria + Subabul which recorded 
highest protein content in forage (20.55 %) followed by pure stand Cliioria (18.73 %). 
Whereas the grass-legume combination ClUoria + Heleropogon yielded the lowest crude 
protein content ( 1 4.01 %) i„ Cliioria herbage. Within the year the protein contents in ClUoria 
herbage was almost similar in the di (ferent cuts ( 1 6.66 & 1 6. 1 %). There was a marginal reductiou 
m the crude protein content in Clitoria forage from first year (1 7. 1 8%) to third year of ( 1 5.92 

n / 1.. t ... r- \ 


“ o) growth (Table 25). 


The crude protein content of Chrysopogon fuhms herbage increased substantially 
when grown mixed with either Clitoria (CO 6.24%) or Subabul (CP 6.37%) than in the sole 
stands ot the glass (CP 5.87%). I he CP content in Chrysopogon was significantly higher in 
the 1st cut (6.37%) as compared to the Ilnd cut (6.04%). There was a decreasing trend in CP 
contents ot the grass with the advancing of age of the plant in subsequent years (I'able 25). 


Crude protein content in the f/e/eropogw2co/7/o/7uA- herbage increased signi ficantly 
in combinations with ( 'litoria (CP 5.4 %) over the pure (CP 4.66%) crop or over any other 
giass-Iegume combination treatment (CP 4.9%). There was a marginal decline in CP content 
of the grass from first year (CP 5.1 1%) to third year (CP 4.85%) of growth and also from the 
first (CP 5.15%) to second cutting (CP 4.8%). 


Crude protein content in Cenchriis ciliaris herbage was not much different in the 
sole crop (CP 7.37%) and in the different grass-legume combination (CP 6.82 - 7.62%). The 
cutting treatment had no elTect on CP but CP declined from 7.83% in the first year to 6.61% 
in the third year of growth (Table 25). 


Total dry matter yield (biomass ) and crude protein yield in grass-legume mixture 


Total above ground biomass (inclusive of grass and legume component) in different 
pure and combination treatments varied significantly. The total biomass in three species 
combination viz., Cliioria + Cenchrus + Subabul (9.75 t/h) was the highest followed by 
Chrysopogon + Subabul (8.86 t/h) and Cliioria + Chrysopogon + Subabul (8.67 t/h). There 
was a progressive increase in biomass from 4.60 t/h to 7.2 t/li from 1st to Ilird year of growth 
(Table 26). In general the grass- legume combination produced 50 to 100% more biomass 
than the pure crop ol'thc grasses or Cliioria. Due to lower plant density of the re.spcctive 
grass and legume component in the mixtures, the biomass of the grass and ( litoria component 




iiii 


^*1 






cropping treatments on crude 
he component species. 


Chrysopogon Heteropogon Cenchrus 


Cc 

Ct + Cf ■ 14.14 

Ct + He 14.01 

Ct + Cc 15.76 

Ct + Sbl 20.55 

Cf + Sbl 

He + Sbl 

Cc + Sbl 

Ct + Cf + Sbl 16 . 57 

Ct + He + Sbl 16.18 

Ct + Cc + Sbl 15.20 

SE (m) + 0.44 

CD at 5% 1.25 

Cutting 

1st 16.66 

Ilnd 16.10 

SE (m) + 0.22 

CD at 5% NS 

Years 

1990 17.18 

1991 16.07 

1992 15.92 

SE (m) + 0.27 

CD at 5% 0 . 76 

CV(%) 11.55 



Dry mater yield 
(Biomass) 
(t/h) 


Crude protein yield 
(CP) 

(t/h) 


H.contortus Pure 


C . t erna t ea + C. fulvus 


H. contortus 


'a + C. fulvus 


+ H.contortus 


SE(m) + 
CD at 5 
CV% 


1990 

1991 

1992 

SE (m) + 
CD at 5% 


was generally lower than their biomass in the pure crop. Amongst the grasses Cenchrus was 
the only exception with slightly lower or slightly increased biomass in mixed stand than its 
pure stand (lable 27). On the other hand the CUtoria biomass in the mixed stand of Subabul 
(3.02 l/h) was considerably higher than that of ClUoria pure (2.59 t/h). ClUoria being a 
creeper ostensibly took advantage ot trailing over the Subabul plant and intercepting more 
light energy than in the pine crop of CUtoria. fhe biomass of Heteropogon when inicr-cropped 
separately mth CUtoria and Siihahiil increased by a margin of 3 1.2‘!'o and 1 13.7%, respectively, 
over the puic ciop ol Heteropogon. When both the legumes were companion crop of 
ileleropogoa the biomass increase over pure crop ol Heteropogon was 131% ( fable 29). 
Similar results were also obtained when C 'IvysopogonK 'enchrus were intercropped with ( litoria 
and Sithabitl separately^ and also when both the legume species together were intercropped 
with the individual grasses ('fable 29). 

The crude protein yield varied significantly in the different treatments (Table 28). 
The results indicated maximum CP yield from Subahul+ CUtoria ( 1 . 137 t/h) followed by Subabul 
+ CUtoria + Cenchrus (1.114 t/h). The remaining eombinations of Subabul with different 
grasses and CUtoria had a CP yield range of 0.645 - 0.901 t/h. The percentage of CP (Table 
28) in the forage was maximum for CUtoria ( 1 9.7%) followed by Cenchrus (7.4%), Chrysopogon 
(5.7%) and lowest for Heteropogon (4.6%). 'fhe highest CP yield was recorded in the 
combination of CUtoria with Cenchrus (0.60 t/h) where again of 17.6% CPY over the pure 
stand of CUtoria was obtained (Table 30) which was followed by CUtoria + Chry.sopogon 
(0.51 1 t/h) and CUtoria + Heteropogon (0.363 t/h). Amongst the grasses, the most productive 
species in terms of CP yield in the pure and mixed stand 'Nas Cenchrus followed by 
Chrysopogon and Heteropogon (Table 26). The grass Heteropogon despite being the lowest 
producer for dry matter and CP yield in pure stand, was most benefited by its combination with 
CUtoria. Unlike combination treatment, the CP yield in the pure crop was 0.5 1 t/h for CUtoria 
and 0.133 - 0.329 t/h in the dilTerent grasses, 'fhe CP yield ol'the gra.ss component ranged 
between 0.1 07 to 0.298 t/h when mixed with the legume C/Z/ona. But when the .same gras.ses 
and the CUtoria were mixed with Subabul the CP yield of the grass component was 0. 1 28 - 
0.335 t/h and for CUtoria component 0.607 t/h. In the three species combination llie yield ol' 
all the grass species component except Cenchrus decreased considerably than the pure crop 
stand of the respective grasses. It may be noted that increa.sed protein yield of Cenchrus 
component in the grass-legmne mixture occuiTcd despite nearly half the plant density as compared 
to its pure stand. The protein yield was significantly influenced by the environmental factors in 
the different years. The CP yield increased from 0.49 t/h to 0.82 t/h from 1st to Bird year of 
growth. Amongst all the treatments the most beneficial combination in terms of biomass and 
CP yield was CUtoria + Cenchrus + Subabul followed by CUtoria + Chrysopogon + Subabul 
able 26). 

The legumes in general helped in increasing the protein content of the herbage of 
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gures in ( ) represent the percentage dry matter contribution 
component species. 


Treatment 
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Cf 


He 
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Sbl 
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8. 

67 
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(40. 
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(37. 
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Ct 

+ He + 
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1 . 

80 



1. 

87 



3 . 

05 

6. 
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(27. 

0) 



(28. 

0) 



(45. 
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Ct 

+ Cc + 
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1 . 
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4 . 

53 

3. 
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(34 . 
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Total crude protein yield (t/h). , CP content (%) and 
the percentage CP contribution from component 
species in different inter- cropping treatments. 


Cf Pure 


Table ...9: Lumpaurative p€;;rJ:orinarice for dry fnatter yie^ld {t/h} 

ot grass -legume components in different inter - 

Cl opping treatment combinations . 


Treatments Clitoria Chrysopogon Heteropogon 


Pure 

2.59 

5.16 

2 . 91 

4.43 

Ct + grass 

- 

5.61 

3.82 

6.22 

Sbl + grass 

- 

8.86 

6.22 

8 . 17 

Ct + grass + 

Sbl - 

8.67 

6.72 

9.75 

%age increase 
grass pure 

over 




Ct + grass 

- 

8.7 

31.2 

40.4 

Sbl + grass 

- 

71 . 7 

113 . 7 

84.4 

Ct + grass + 

Sbl ~ 

68 . 0 

13 0.9 

120 . 0 

%age increase 
Clitoria pure 

over 




Ct + grass 


116 . 0 

47.0 

140.0 

Sbl + grass 



242.0 

140.0 

111.0 

Ct + -grass + 

Sbl » 

234.0 

159.0 

2 76.0 


age increase ovom 
(Clitoria grass) 


!bl + grass 


57 .9 


62.8 


31.3 


+ grass + Sbl 


54 


75 . 9 


56.7 


Table 30: Comparative performance for crude protein yield (t/h) 
of grass- legume components in different inter- cropping 
treatment combinations. 





Treats . 

clitoria 

Chrysopogon 

Heteropogon 

Cenchrus 

Pure 

0 . 511 

0.295 

0.133 

0 .329 

Ct + grass 

- 

0.511 

0 . 363 

0.600 

. Sbl + grass 


0.886 

0.645 

0 . 821 

i Ct + grass + 

Sbl - 

0 . 901 

0.862 

1 . 114 

%age increase 
i, grass pure 

over 




Ct + grass 

- 

73.2 

174.0 

82 . 4 

1 Sbl + grass 


200.3 

384.0 

149.5 

Ct + grass + 

Sbl - 

205.4 

548.1 

237.7 

. 

1 %age increase 
Clitoria pure 

f' 

.'V ' 

over 




ct + grass 

- 

0.20 

(-) 29.0 

17.6 

1 Sbl + grass 


73.7 

26.4 

61.0 


Ct + grass + Sbl 

%age increase over 
Clitoria + Grass 

Sbl + grass 

Ct + grass + Sbl 




76 . 0 


69.0 


118.4 


73.4 
76 .3 


77.6 

137.4 


36.8 

85.6 
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the companion glass ( hrysopogon from 5.72% to 6.14% and of Heleropogon from 4.57% to 
5.32‘/o and Ihcicloie improved the overall I'orage quality of the herbage. In case of ( 'enchrus 
the C P% ol the herbage in pure crop (7.43%) wa.s substantially higher as compared to any 
other grass either in pure or in the mi.xed stand (4.57-6. 14%). But on the other hand f 'cnvhms 
was least beiiefiled in (. P its forage through legumes than other gra.s.ses. 


I he pereentage increase ol biomass ol the fVj/T.vo/^og^o/i-legume combination over 
the pure stand of the grass was 8.7% in ca.se of mixture with Clitoria, 17.7% in mixture with 


Suhabul and 68% when both the legumes were mixed with grass (Table 29). Subabul combi- 
nation with C hi ysopogon or siihcihul combination with C'hrysopogon + CJliiorio registered an 
increase in biomass production of 57.9% and 54.5%, respectively, over Clitona + Chrysopogan 
combination. The percentage increase of biomass of the Heleropogon grass was 3 1 2% when 
intercropped with Clitoria, 113.7% with Subabul and 131% with Snhahul + Clitoria. 


Heteropogon combination with Subabul or with Snhahul + Clitoria registered an increase of 
62.8% and 76%. respectively, as compared to Heteropogon + Clitoria combination, fhe 
percentage increase of biomass of the Cenehru.s was 40.4% when intercropped with Clitoria, 
84.4% with Subabul and 120% with Suhahul Clitoria (fable 2.9). Cenchrus combination 
with Subabul or with Siihahii! + ( 'liioria was 3 1 .3% and 56.7%, respectively, as compared to 
('enehru.s i Clitoria. 

The study indicated that the most benefieial combination in term of crude protein 
yield was Clitoria + Subabul (1.137 t/h) followed by three species combination Clitoria + 
Cenchrus + Subabul (1.1 14 t/h). The later combination also had the higher dry matter yield 
(9.75 t/h) among all the treatments. 

The Subabul combination with gra.s.ses resulted in an increase of 26-73% C'I’Y and 
the ( 'litoria I grass i Subal>ul ga\'e 09-118% more C'PY over the pure crop oi' Clitoria. As 
compared to the pure crop of grasses the CP yield oC Clitoria + grass increased by a margin of 
73- 1 74%, Subabul + grass 1 50-300% and CHlorhi +■ grass +Subabul by a margin of 2 i 5 -548% 
(Table 30). 

Interaction effects of cutting and year on dry matter yield of Cl ternuteu 

Cutting effect on the treatments was highly significant for bioma.ss of 0/7om 
(Table 3 1 ). The first cut yield of Clitoria in all the treatments was significantly higher than the 
second cut. Within the first cut the Clitoria biomass in pure stand and in combination with 
Subabul gave significantly higher yield than in any other treatments. A similar pattern was also 
observed for the mean biomass of the two cuts. But such differences between the treatments 
were not evident within the second cut of Clitoria (Table 31), 



T 3 t)ls 31 . Ef f 0 ct of cutting X trcatrnonts on d.i"y rnattsi 
yisld (i^/h) of C. tsi-natsa in diffcnsnt 
intercropping treatment combinations. 


Treatments 

C-l 

C-2 

Mean 

Ct Pure 

1.91 

0 . 73 

1.32 

..Ct + Cf 

1 . 16 

0 .75 

0 . 95 

Ct + He 

1.10 

0.69 

0.90 

. Ct + Cc 

1.21 

0,74 

0.97 

Ct + Sbl 

1.95 

1.06 

1.51 

Ct + Cf + Sbl 

1.26 

0.79 

1.02 

Ct + He + Sbl 

1.09 

0.71 

0.90 

Ct 1 Cc ( Sbl. 

1.92 

0 . 74 

0 .96 

Mean 

1.35 

0.77 

1.06 

SE (m) + 

0.09 



CD at 5% 

0.27 



"F' Value 

4.73 




C-l = First cut C-2 Second cut 
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Table 32 


: Effect of year X treatments on dry matter yield 
(t/h) of C . ternatea in different intercropping 
treatment combinations. 


Treatments Y-1 Y-2 Y-3 Mean 


ct 

Pure 


2 . 

.20 

] 

. 1. 5 

0 

.60 

1 . 

. 32 

ct 

4- 

Cf 


1 . 

.80 

0 , 

. 73 

0 

. 32 

0 . 

. 95 

ct 

+ 

He ■ 


1 . 

.40 

0 

. 82 

0 

.47 

0 . 

. 90 

ct 

+ 

Cc 


1 , 

.37 

1 . 

. 01 

0 . 

.54 

0 , 

. 97 

ct 

+ 

Sbl 


2 , 

. 6 0 

1 . 

.20 

0 , 

. 7 .3 

1. 

. 51 

ct 

+ 

Cf + 

Sbl 

, 

. 72 

0 . 

. 86 

0 . 

.48 

1 . 

. 02 

ct 

+ 

He + 

Sbl 

1 , 

. 51 

0. 

.86 

0 . 

.33 

0. 

. 90 

ct 

+ 

Cc + 

Sbl 

1 , 

.48 

0 . 

.97 

0 . 

.43 

0, 

. 96 

Mean 



1 

. 76 

0 , 

. 95 

0 . 

.49 

1. 

. 06 

SE 

(m) + 


0 

.11 







CD 

at 5% 


0 

.32 







"pi 

' Value 


3 

. 12 








= Fii'st year Y-2 = Second year Y-3 = Third year 


Y-1 


Table 33 : 


Effect of cutting X years on dry matter yield 
(t/li) of C.ternatea in different intercropping 
treatment combinations. 


Cuttings 

Y-1 

Y-2 

Y-3 

Mean 

C-1 

2.38 

1.13 

0 . 56 

1.36 

C-2 

1.13 

0.77 

0.42 

0.77 

Mean 

1 . 76 

0.95 

0.49 

1.06 

SE (m) + 

0 . 05 




CD at 5% 

0.16 




'F" Value 

50 . 80 




Y-1 = First 
C-1 = First 

year Y-2 
cut C-2 

= Second 
= Second 

year Y-3 
cut 

= Third year 


Y-1 

C-1 


Table 




treat: men is X cutting X years 
on dry matter yield (t/h) of C.ternatL ' in 

intercropping treatment combinations 


different 


Treatments 

Y 

-1 


Y-2 


Y-3 



C-1 

C-2 

C-1 

C-2 

C-1 

C-2 

Ct 

Pure 

3.23 

1.16 

1.60 

0.71 

0 . 90 

0.30 

Ct 

+ Cf 

2.35 

1.23 

0 . 77 

0 . 70 

0.35 

0.3 0 

Ct 

+ He 

2.06 

0.73 

0.87 

0.78 

0.40 

0.57 

Ct 

+ Cc 

1.64 

1.10 

1 . 17 

0 .86 

0.81 

0.26 

Ct 

+ Sbl 

3.64 

1.53 

1.60 

0.77 

0.58 

0.89 

Ct 

+ Cf + 

Sbl 2.17 

1.3 0 

0.98 

0 . 74 

0 . 62 

0.34 

Ct 

+ He + 

Sbl 1.93 

1.08 

0.96 

0.76 

0.38 

0.28 

Ct 

+ Cc + 

Sbl 2.01 

0.96 

1.13 

0.81 

0.43 

0.42 

Mean 

2.37 

1.13 

1.13 

0.76 

0.55 

0.42 

SE 

(m) + 

0 . 16 






CD 

at 5% 

0.46 






-p 

' Value 

2.63 



• 



Y-1 = First year Y- 
C-1 ■= First cut C- 

2 = Second 
■2 = Second 

year 

cut 

Y~3 = Third year 




^ i i n 


1 he gt owing environment in the different years had significant effect on the CUtoria 
biomass ofthedilTerent treatments (Table 32). The first year biomass of CY/Vona was significantly 
higher than the second and subsequent year’s biomass. Within the year Cliioria biomass in 
pure stand and in combination with Subabul was significantly higher than all other treatments 
during the first ycai and most of the treatments during the second year of growth. The mean 
biomass ot all the three years .followed a similar pattern as in the first year (Table 32), 

Cutting W year interaction was highly significant for Clitona biomass (Table 33). 
The first cut biomass ol C litorici in ail the years was significantly higher than the second cut 
yield. The respective biomass of the first and second cut showed a progressively highly 
significant reduction from first to third year of growth (Table 33). The effect of cutting A' year 
AAreatment were moderately significant for the CUtoria biomass. The first cut biomass of the 
first year of growth in all the treatments was significantly higher than that of the first and 
second cut biomass obtained in the second and subsequent year’s of plant regrowth (Table 

34) . 

Interaction effects on crude protein content (%) of C. ternatea 

The interaction due to cutting X treatment on crude protein content (%) of butterfly 
pea was moderately significant (Table 34). Most of the mix crop treatments maintained a 
similar level of Clitoria protein content in both the cuttings. The CUtoria CP % improved 
significantly from 1 8.72 % in the pure stand to 20.67 % in combination with Subabul but was 
significantly decreased (CP 1 3.86 % - 15.52 %) when intercropped with the different grasses. 
The crude protein content of Clitoria when mix cropped with Subabul + grasses (CP 1 5.95% 
- 16.74%) was significantly higher than all the Clitoria + grass combination treatments (Table 

35) . 

The interaction due to year X treatments was significant for CP content (%) of 
Clitoria (Table 36). In most of the mix crop treatments there was a progressive reduction, 
often to a significant level, in the protein content of Clitoria from first year to the third year of 
growth. Only in case of Clitoria + Cenchrus + Subabul treatment there was a significant 
improvement in the CP content of CUtoria from first year ( 1 6%) to second year (17.71 %). The 
CP content of Clitoria in the first cut was not significantly dijfferent between the first (1 7.33%) 
and second year (17.1 1%) of growth (Table 37). But there was a significant reduction in the 
CP content of CUtoria from second to third year of growth for both the cuttings and between 
first to second year for the second cutting. The interaction of treatment X cutting X year was 
highly significant for CUtoria crude protein content (Table 38). 


Tabls 3 5 : Effsct of tireatment X cutting on CP content (%) 
of C. ternatea in different intercropping treatment 
combinations . 


Treatments C-1 C-2 Mean 


ct 

Pure 


18 

. 74 

18.70 

18 . 

72 

ct 

+ 

Cf 


14 

. 63 

13.83 

14 . 

.23 

ct 

+ 

He 


14 

. 03 

13.69 

13 , 

.86 

ct 

+ 

Cc 


15 

.71 

15.33 

15 

.52 

ct 


Sbl 


20 

.49 

20 . 90 

20 ^ 

.67 

ct 

+ 

Cf + 

Sbl 

16 

. 89 

16.59 

16 . 

. 74 

ct 

+ 

He + 

Sbl 

16 

,54 

15.96 

16 . 

.25 

ct 


Cc + 

Sbl 

15 , 

.85 

16.05 

15, 

.95 


SE (m) + 0.20 
CD at 5% 0.56 
'F' Value 2.01 


C-1 


First cut 


C-2 = Second cut 


Table 


36 : 


Effect of treatment X 
C . ternatea in different 
combinations . 


years on CP content (%) of 
intercropping treatments 


Treatments 

■ Y-l 

1 

to 

Y-3 

Mean 

Ct 

Pure 

19.00 

19.29 

17.98 

18.76 

Ct 

+ Cf 

19.52 

14.11 

13.06 

14.23 

Ct 

+ He 

14 . 63 

13.81 

13.14 

13 . 86 

Ct 

+ Cc 

17.21 

15.38 

13.96 

15.52 

Ct 

+ Sbl 

20 . 84 

20.81 

20.43 

20 .69 

Ct 

+ Cf + Sbl 

18 .30 

16 . 15 

15.77 

16 . 71 

Ct 

+ He + Sbl 

16.70 

16 . 78 

15.26 

16.25 

Ct 

+ Cc + Sbl 

16.00 

17.71 

14 . 12 

15.94 

SE 

(m) + 

0.214 




CD 

at 5 % 

0.69 




'F' 

Value 

9.40 





Y-l = First year Y-2 = Second year Y-3 = Third year 





Table 37; Effect of ^cutting X years on the CP content (%) 
of Clitoria. ternatea in different intercropping 
treatment combinations. 


Cuttings 

Y-1 

Y-2 

Y-3 

Mean 

C-1 

17.33 

17.11 

15.38 

16.60 

C-2 

17.22 

16.40 

15.55 

16.39 

SE (m) + 

0.12 




CD at 5% 

0.34 





Y-1 = First year Y-2 
C-1 = First cut C-2 


Second year Y-3 = Third year 
Second cut 




Table 38: Effect of treatment X cutting X years on crude 
protein content {%) of C.ternatea indifferent 
intercropping treatment combinations. 


Treatments 

Y-l 


Y-2 


Y-3 


C-1 

C-2 

C-1 

C-2 

C-1 

C-2 

Ct Pure 

18 . 34 

19.67 

.20 . 15 

18.42 

17.73; 

18.37 

Ct + Cf- 

16 . 14 

14.90 

14.42 

13.80 

13.33 

12 .79 

Ct + He 

14.48 

13.58 

13.86 

13.76 

13 .75 

13 . 04 

Ct + Cc 

17.75 

14.49 

15.49 

15.27 

13 . 88 

14 .04 

Ct + Sbl 

21.34 

20.35 

20.43 

20 . 19 

19.70 

21.16 

Ct + Cf + 

Sbl 19.04 

17.55 

15 . 75 

16.53 

15.87 

15.67 

Ct + He + 

Sbl 16 . 16 

17.25 

18.32 

15.24 

15.16 

15.39 

Ct + Cc + 

Sbl 14.19 

17.09 

18.46 

16 .72 

14.16 

14.08 

SE (m) + 

0.35 






CD at 5% 

0 . 98 






'F' Value 

7.44 







Y-l = First year Y-2 = Second year Y-3 = Third year 
C-1 = First cut C-2 = Second cut 





D/SCUSSfON 


The legume ClUoria lernatea 1.. commonly known as Butterny pea in English or Aparajita 
in Hindi and Sanskrit is indigenous to India where it is adapted throughout the tropical 
regions having a rain fall range of 500-1 500 mm. It is a perennial pasture legume highly 
productive under warm humid conditions i.e. the rainy season. This legume has not yet been 
exploited to an appreciable extent for upgrading the productivity of the native pastures in this 
country . One of the main reason is a general lack of relevant information on the various 
aspects such as the extent of genetic diversity in the indigenous genotypes, factors related to 
its establishment in the pasture and its production behaviour under mix crop situation against 
the different native grasses. The basic material of the present study comprises the germplasm 
collection from major areas of distribution of this indigenous species such as Rajasthan, Uttar- 
Pradesh, Delhi, Madhya-Pradesh , Gujrat, Maharashtra, Tamil Nadu, Bihar diversity all the 
ClHoria temalea genotypes were grown in replicated trial and the data on various plant attributes 
and productivity were recorded at the peak period of the plant growth, i.e. at 50% flowering 





Genetic diversity 


(I) Seed coat colour patterns 


The seed coat colour is an important differentiating character in the grouping/clustering 
of the different genotypes of ClUoria. A preliminary grouping of the ClUoria genotypes was 
made on the basis of seed coat colour . The basic seed coat colours are buff to various shades 
of light brown to black (Bogdan, 1 977 ; Singh and Singh, 1988). In the present study it was 
observed that the various types of seed coat patterns developed through a uniform sprinkling 
of fine dots or speckles of various colour and sizes over the basic seed coat colour ( Plate 1). 
Several seed types were uniformly brown or black coloured . The grey speckled seed coat 
colour types were most frequent followed by shining black and dark brown types with or 
without dottings /speckling . The seed coat colour of legumes was studied by many geneticists. 
It is known that two distinct types of pigments namely Anthocyanin and Melanin are responsible 
for the development of seed coat colour patterns in Papilionaceous species. Studies have 
shown the presence of six genetically controlled colour factors and through the interaction of 
these factors many seed coat colour patterns emerge out (Spillman and Sando, 1930), The 
black seed colour is monogenetically dominant over the brown seeds (Smith, 1956). In other 
studies it was noted that the black colour is monogenetically dominant over salmon, salmon 
over brown, brown over cream or pinkish cream colour (Sen and Bhowal, 196 1 ). In cowpea 



as many as 12 distinct seed coat colour groups were identified (Mehra et al. 1974). 


(II) Flower attributes 


CUtoria is a prolusely flowering plant valued for its ornamental display of attractive 
range of flower colours. The flower is characterised by a much larger size (3-4 cm) of the pair 
of wings than the standard and the keel. Generally the components of the corolla have fused 
wings, standard and the keel. But the accession from 'I'amil Nadu present a composite flower 
structure with .several free wings and standard. It is the wings which conspicuously show 
various colours ranging from deep blue to whitish blue or white with a different tinge of blue/ 
and or pink colour. The deep blue is the dominant colour frequently encountered in the genotypes 
followed by white or various shades of pink against white or light blue (Plate 2). Some of the 
species of CUtoria such as C. marina, C.falcata, C.fairchildiana are reported to have fragrant 
mauve coloured flowers of ornamental importance (Allen and Allen, 1981; Arora and Singh, 
1987). 

Under climatic conditions at Jhansi (Fig. 2, 3 & 4) the flowering response of CUtoria 
ternatea genotypes was day neutral. In this species flowering was initiated during the middle of 
August to early September. Both vegetative and reproductive growth continue simultaneously 
until late September, afterwards the growth activity progressively ceased with the increase in 
self defoliation and bearing of the pods by the end of November. The plants remained dormant 
during the winter season but regular vegetative regrowth ensued with the advent of warm 
humid season. In the establishment year different genotypes flowered between 39 to 60 days 
after sowing but plants in the following years flowered between 37 to 54 days after first 
monsooir rain (Table 7). Based on an average of three years majority of the genotypes (64%) 
can be grouped into medium (flowered in 43-46 days) followed by late (19.6%) and early 
(16.3%) flowering types (Table 6). Although significant genotypic differences for days to 
flowering within each year were evident (T7 Value 4.8- 45.96), but due to day neutral behaviour 
of the species, the di.scernible genotypic variations in flowering were rather low (CV 1.40- 
4.0 %). 

(Ill) Morphological traits 

A wide range of variation was ob.served in all the ten morphological traits studied. The 
analysis of variance showed significant differences among the genotypes for all the characters 
in each individual year of the study ('fable 7). Based on the mean values of the three years data 
the genetic diversity amongst the genotypes was observed in green fodder yield (CV 35 %) 
followed by leaf number/plant (CV 3 1 %) and comparatively narrow for branch number/plant 
(CV 14 %) and days to flower (CV 15 %). The genotypes showed medium genetic diversity 
(CV 20 %) for the characters of elongation such as plant height and length of the branch. ^ 


CUtoria being a creeper shows indeterminate growth and the growth occurs from the growing 
tips of the main stem and the auxiliary branches (Hall, 1992). Amongst the genotypes a wide 
range in the size ot the plants was observed. Based on three years data the percentage proportion 
of the genotypes with longest stem and the branch was 1 8.5 % and 6.6%, medium length of the 
plant and branch in 49 % and 51 %, tind short plant and branch length in 32 % and 41 %, 
respectively, (Table 6). The respective average length of the plant and the branch during the 
first and the second year of growth was more or less similar but was comparatively low in the 
third year (Table 7). 

Clitoria is a profusely branched plant and wide variations exist in the magnitude of 
branching in the different genotypes. 'Fhe percentage proportion of the genotypes with high 
number of primary and secondary branches was 14% and 6.6 %, medium number in 51 % and 
55 % and low number in 35 % and 38 %, respectively, (Table 6). There was a tendency of an 
increase in primary and secondary branch number from first to second year of the growth but 
their number decreased considerably for primary branch and to some extent in the secondary 
branch in the third year of the plant growth (Table 7). 

The leaf number / plant with C V 3 1 % was one of the most variable character in Clitoria 
genotypes (Table 5). The percentage proportion of genotypes with high number of leaves / 
plant (152-183) was 21 %, medium (121-152) in 32 % and low (90-121) in 48 % (Table 6). 

The character, leaf/stem ratio showed moderate variation C V 27 % amongst the genotypes 
(Table 5). The percentage proportion of the genotypes with high leaf-stem ratio (1.05-1.24) 
was 23 %, medium (0.84-1.04) in 53 % and low (0.64-0.83) in 24 % (Table 6), respectively. 
The Clitoria plants were most leafy in the second year (171 leaves/plant) of the growth followed 
by that in the establishment year (111 leaves / plant) and third year (104 leaves / plant) of 
growth (Table 7). 


The green fodder yield (GFY) was the most variable (CV 35 %) and dry matter yield 
(DMY) moderately variable (CV 25 %) character in the genotypes (Table 5). 'fhe GFY and 
DMY ranged between 39-97 g /plant and 11-27 g/plant (Table 6). The percentage proportion 
of the genotypes with high GFY and DMY was 10 % and 1 8 %, medium 36 % and 39 % and 
low 54 and 43 %, respectively, , 

(Table 6). The maximum GFY and DMY per plant was obtained in the second year of the 
growth followed by third year and the establishment year (Table 7). 

(IV) Crude protein content (%) 

The crude protein content (CP-%) in C/itor/a herbage was relatively 'a less i variable 






The results of the study indicated that the Clitoria plants in the establishment year have 
the highest leaf/stem ratio and the longest branch as compared to its regrowth performance in 
the following years . The next year of regrowth was characterised by an overall increase in 
size of the plants including branch number, leaf number and maximum realization of yield 
potential, both GFY and DMY as compared to any other year of growth. The vigour of the 
Clitoria plants in the second year appear to be linked with the maximum foliage number entailing 
largest surface afea available for photosynthetic activity. The unique feature of the Clitoria 
plant is that its protein content continues to increase from the first year to the third year of 
growth. 


Classification, cataloguing and documentation of germplasm 


(A) Index score method of classification 


The classification of the Clitoria genotypes in the present study is based on the index 
score method developed by Anderson (1957). All the individual characters were assigned index 
score values such as; 0 - for low expression, 1- for medium and 2- for high expression. By 
summing up the index score values for all the 10 characters the total index values (TIV) for 
each of the genotypes were worked out separately. The TIV being a multi-character expression 
data connote that the genotypes with low TIV were the less vigorous growth types than those 
with higher TIV values. The genotypes were distributed into TIV ranging from 1 to 1 5 (Figure 
5, Table 1 0). The percentage proportion of the genotypes falling in the low (I'lV 1 -4), medium 
(TIV5-8), high (TIV 9-12) £md very high grades (TIV > 13) ofplantgroAvth types were 16%, 
24 %, 49% and 1 1 %, respectively (Table 10). The materials from the different regions were 
randomly represented in all the TIV grades of plant growth types (Table 8 & 9). 


The results indicate existence of considerable genetic diversity within the major 
geographical areas of distribution of Clitoria ternatea. Presence of divergent grotvlh forms in 
the materials from the same region may as well indicate that the different pl^t types may have 
differential adaptation to the varying range of soil climatic conditions prevailing within the 
broad expanse of the different regions of Clitoria adaptafion. The Iq^trae is known to perform 
differently under different growi^ conditions (Ilq^l, to some ‘genotypes 

of Clitoria may. have shovsm better adaptation and prodnodp^oj^l^.r^ sandy soils at Jhansi 
than other types, Ais tjhere is no evidenoe to surest, t|i^ was ^^ver^i^n long 


term cultivation in this country it is likely that natural causes rather than conscious human 
selections may have played a dominant role in the evolution of the present day genetic diver- 
sity in this indigenous material. In cases where geographically distant locations do not differ 
sufficiently in soil climatic conditions and management; merely the barrier of distance may not 
be potent enough to accumulate discernible genetic variability. 

During the present days there have been frequent exchange of genetic material between 
states and countries. Obviously the importance of geographical diversity is getting very much 
eroded due to frequent exchanges of materials from one region to other. Prevalence of even 
occasional out crossing in an other wise self pollinated species such as Clitoria would result in 
perpetual maintenance of certain degree of genetic diversity within the same geographical 
area or thfe place where the species is naturally present in abundance. Genetic diversity prevalent 
at its centre of origin permits the retention of cryptic genetic variability under cultivation as 
observed in oats (Mehra,. 1978). It may be pointed out that the selection for adaptive fitness 
over long period of time under the diverse environmental condition may cause greater genetic 
diversity amongst the materials from the different regions. Evolution of extremely divergent 
growth forms along with intermediate types within the different regions would suggest 
introgression of genes between the extreme types followed by the disruptive natural selection 
pressure over period of time conferring adaptive fitness towards the diverse soil-climatic 
conditions. The predominant role of disruptive selection and introgressive hybridization in the 
evolution of land races of cowpea have been highlighted by Mehra, et al 1970, Kohli, et aL 
1971 and in Lablab bean by Singh & singh, 1992. Butterfly pea is a native of India where 
several other wild species of CfiVomi have been reported to exist in the different warm humid 
regions of the country (Whyte, et al. 1969; Chakravarty, 1970). Wide genetic diversity in 
Clitoria genotypes within the Indian materials and in the materials from the different parts of 
the world have been reported by several workers (Reid & Sinclair, 1 980; Anning, et al 1 981; 
Singh and Singh, 1988; Singh and Gupta, 1991; Hall, 1992; Singh and Gupta,1995). Based 
upon the literature and examination of over 8000 herbarium vouchers a comprehensive details 
of phytogeographical distribution of C7//or/a species/races alongwith their uses have been 
reported (Fantz, 1991) and presented in Table 1 & 2. 

(B) Classification based on important agronomic characters. : . 

Since major interest of the plant breeders has been in the identification of elite plant 
types with important agronomic traits, a concise key to the identification of such genotypes 
have been developed based on five economic traits such as;(l) plant height (cm), (2) branch 
number/plant, (3) dry matter yield / plant (g), (4) leaf-stem ratio and (5) protein content (%). 
The.metrical traits (characters) graded a^; |a)iow» (b) medium and (c) high have been used 
for describing the individual varieties., different, plant typas^ Out of 


these 53 are represented by a single genotype each followed by 14 groups with two genotypes 
and the remaining three groups by three genotypes each (Table 1 3). Similar technique was 
also used in the classification of 370 accessions of guar Cyamopsis tetragonoloba (Patil, etal. 
1983) wherein 88 divergent plant types were identified based on performance for five seed 
production attributes. 

Hall (1992) isolated several high yielding naturalized strains of Clitoria in the material 
from the different parts of the world, and by compositing their seeds developed an improved 
variety known as ‘Milgarra’ which was released for wide scale cultivation in Queensland, 
Australia. Scope of study of the genetic diversity in Clitoria is in the identification of produc- 
tive genotypes. The present study indicated that out of 92 indigenous lines eight lines namely 
ILCT 213, 215, 221, 249, 261, 269, 272 and 278 were outstanding in productivity and were 
isolated as elite selection for further studies on the germination behaviour, stability in productivity 
and their relative growth rates (RGR). 

(C) Documentation and cataloguing 

A proper characterization, cataloguing and documentation of germplasm repositories of 
the different crops depict the extent of genetic diversity available with the different research 
institutes and these informations are widely used as a reference point for the exchange and/or 
import of specific materials from one region of the world to another. Several such documents 
on various crops are being regularly published by National Bureau of Plant Genetic Resources 
(NBPGR) New Delhi, and the International Plant Genetic Resources Institute (IPGRI), FAO, 
Rome. The documents- help the plant breeders in selecting suitable genotypes for use in the 
crop improvement programme. In the present study a detail catalogue for the genepool of C. 
/miatea has been developed for 12 characters (Table 12). 

Factors influencing the germination of CfftoWa seeds 

'I , , i 

(1) Different sowing depths (cm) 

The germination behaviour in the different seed types of butterfly pea was studied under 
pot experiments with the different treatments of sowing depths (cm) and soil types. Clitoria 
seed germination was significantly influenced by the different sowing depths. The average 
germination decreased progressively from 72.5 % at 2 cm soil depth to a minimum of 35.8 % 
at 8 cm (Table 14). The different seed types also showed a significant differential response to 
the sowing depth. The maximum germination was recorded in the bluish grey coloured seeds 
(ILCT 221) with 91.3 % at 2 cm depth, grey and black seeds (ILCT 272 & 213) 73% at4cm 
depth. Black seeds (ILCT 272) 60 % at 6 cm, and grey seeds (ILCT 2 1 3) 47 % at 8 cm depth. 


The genotype ILCT 221 which showed maximum germination at 2 cm depth also showed 
minimum germination (22.2 %) at 8 cm depth. On the other hand the brown seeded type ILCT 
269 showed a near stable germination rate of 42-54 % at 2 cm to 8 cm soil depth . The grey and 
black seeded types maintained germination around 71-74 % at 2 cm and 4 cm soil depth 
followed by considerable reduction in germination with flirther increase in the depth of sowing. 
But it is only the grey coloured seed type which has consistently maintained a relatively higher 
germination rate as compared to all other types at more than 2 cm sowing depth (Table 14). 
Result showed that a sowing depth of 2-4 cm was ideal for seed germination of all the seed 
types. It is reported that besides moisture and temperature the presence of about 20% Oxygen 
and 0.03 % Carbon dioxide in atmospheric air is most suitable for germination of any seed 
(Mayer and Poljakoff-Mayer, 1982). In many wild/range species the seeds are naturally dispersed 
on the soil surface where they get partially or entirely covered with the leaf litter. After the 
onset of summer rains the seeds lying on the soil surface show prolific germination unlike those 
seeds which lie deeper in soil (Kinzel 1926). This implies that there is a specific need of air, 
temperature and moisture for most of the wild species which is usually available within a few 
cm of the soil depth. In case of deep sown seeds the impaired seed biochemistry, mainly due to 
the reduced oxygen concentration and increased carbon dioxide adversely affect the seed 
germination (Mayer and Poljakoff- Mayber, 1982). Effect of sowing depth on the seed 
germination of the different Stylosanthes species (Stonard, 1969; Rai, 1990) was almost the 
same as has been observed for Clitoria in the present studies. 

(2) Different soil types and their combination 

Germination of the different seed types was significantly influenced by the variation in 
soil types. Amongst the soil types studied mixed type of soil was most conducive to seed 
germination (73 %) followed by organic soil, red soil and the least (58 %) in the black soils 
(Table 1 5). The seed germination was maximum for the grey seeded ILCT 21 3, brown seeded 
ILCT 261 and black seeded ILCT 278 in mixed soil, black seeded ILCT 272 in organic soil. 

Physical properties such as soil structure, water holding capacity, hydraulic conductivity, 
water osmolarity, ionic strength and aeration of the soil appear to piay a major role Itt seed 
germination (Hadas, 1977;Hadasand Russoo, 1 974; Collis-George and Hector, 1966). While 
the mixed soil types were most congenial for seed germination on account of favorable soil 
properties, other soil types such organic soils suffered jfrom poor moisture retention and poor 
seed soil contact, black soils suffered from poor aeration, excess soil compactness and soil 
moisture. , , ^ 


(3) Different temperature treatments 


The effect of different temperature treatments (tested in B()D incubator) on the 
germinability ofdilTerent seed types in ('liioriti was significant. Out of four icnipcraturc 
treatments the most conducive to seed germination was 35‘'C closely followed by 25 ’G and 
minimum at the lowest temperature 5''C. 'fhe germinability of the seeds progressively increased 
from 68-72 % with increase in temperature from 1 5-35“ C (Table 1 6). The optimal temperature 
requirement for the maximum seed germination varied significantly with the different kinds of 
seeds. Lowest effect of temperature was noted for brown seeded type ILCT 261. In four seed 
types germination percentage was almost similar for all the temperatures above IS^C, and in 
the remaining there was a progressive increase in the germination with the increase in the 
temperature. It is reported that high temperatures cause eruption in the striophiolar plug of the 



seed which facilitate optimal entry of water into the seeds and thereby increasing its permeability 
(Dell, 1980). With increased permeability for moisture the seed germination is activated 
(Mayer and Poljakoff-Mayber, 1982; Mullick and Chatterji, 1967; Chatterji, 1966). 


(4) Different treatments of light colours 


The effect of illuminated light ofdilTerent colours on the germination of different types 
of butterfly pea seeds was studied. The colour illumination treatments comprised blue, violet, 
red and total darkness. The effect of different light colours on seed germination was significant 
on the different types of the .seed. While maximum germination in six out of eight seed types 
was observed in the total darkness, violet colour was preferred by grey seeded ILCT 21 5, red 
colour by bluish grey seeded ILCT 249 and brown .seeded ILCT 269. The colour of light had 
no effect on the seed germinability in the brown .seeded 11 /CT 26 1 (T able 17 ). Illumination of 
the leguminous seeds to red / orange light has been reported to stimulate germination but on 
the contrast blue light is reported to inhibit the germination (Evanari c/ n/. , 1957). 


The present studies indicated that germination of the different types of Clitoria seeds 
have a different genotypic response to the various treatments of sowing depth, soil types, 
temperature and the colour of light illumination. Previous studies indicate that the germination 
behaviour of the different leguminous seeds, within or between the different species, is a 
genetically controlled character which reflects as differential behaviour to seed dormancy, 
hard seededness and polymorphism (Esashi and Leopold, 1968; Chatterji, 1966; Mullick and 
Chatterji, 1 967). Besides this, the seed germination trends may be considerably^ different for 
the laboratory test, pot experiments and actual field conditions. . { N.iu u ; 
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Genotypic stability 


The genotypic X environment interaction for the agronomic traits show (he elegree of 
consistency (stability) in the performance of genotypes over a range of environments. A 1 i igh ly 
stable genotype with high yield potential is, therefore, a prerequisite for the release of a eulti var 
for wide scale cultivation. The components of the stability are; the varietal means and the 
general mean of all the varieties for each location; Linear regression (bi) of the varietal means 
with the general mean for each location, and deviation from the regression for each variety 
(SMi). Considerable wealth of information on the components of stability have been provided 
by several authors and the most effective one has been indicated by Finlay and Wilkinson 
(1963). He considered linear regression slopes as a measure of stability. Eberhart and Russel, 
1966 emphasized the need of considering both linear (bi) and non-linear (SMi) component of 
genotype X environment interaction to judge the stability of the cultivar. However, Breese, 
1969; Samuel, et al. 1970; Paroda and Hayes, 1971; Jatasra and Paroda, 1979; Dangi, et 
al 1 994; Henary, 1995; Lodhi and Sangwan, 1 996 were of the opinion that the linear regression 
may simply be regarded as a measure of response of particular genotype over a range of growing 
enviromnents, whereas the deviation around the regression (S^di) are a better measure of 
stability. The genotype with the lowest standard deviation is the most stable type and vice- 
versa. 

The significant variances were observed for dry fodder yield (DFY t/h), crude protein 
yield (CPY t/h) and seed yield (t/h) in ClUoria genotypes. All these characters along with 
green fodder yield (GFY t/h) also showed significant linear environmental effect, but variety 
X environment effects were significant only for dry matter yield (t/h) and crude protein (t/h) 
yield (Table 18). The varietal differences for plant height, branch number/plant, GFY/plant, 
DMY/plant and leaf-stem ratio were not significant. The environmental influence both linear as 
well as non linear and variety Y environment interaction effects on all these characters were 
highly significant (Table 18). Clitoria shows indeterminate vegetative (trailing type) growth 
and there is no clear cut difference between the vegetative and reproductive growth phases. 
Vegetative growth in fodder legumes with trailing growth habit such as cowpea and field bean 
are predominantly influenced by the environmental effects rather than genetic effects (Singh 
and Hazra, 1987; Shukla el al. 1993). The results indicated that only two characters namely 
DMY (t/h) and CPY (t/h), for which the varietal differences as well as variety X environment 
effects were significant, appeared to be most important for the stability analysis of the genotypes. 
Out of eight genotypes only two namely IlCT 249 and IICT 278 had very high mean dry fodder 
and crude protein yield; and with regression coefficient in the range of 1 .08 to 1 .46 along with 
insignificant standard deviation qualify to be the most stable variety (Table 19). The crude 
protein in the leguminous crops have been reported to be controlled by a major gene (Shukla 
etal .1993) 
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Relative growth rate ( RGR ) 

Relative growth rate (RGR) is an index of the plant’s potential to accumulate dry matter 
over a given period of time. An aggressive growth form is the preferred type for mix crop 
situation where the legume is to compete for the available resources of moisture, nutrients and 
light. The RGR studies were conducted on eight elite selections of Clitoria at two stages of 
growth, /.t’., 40-60 days and 50-60 days. The result ofthc study indiciitcd considerable variation 
in the whole plant growth rate and the growth of its components such as Icafand stem at both 
the stages of plant growth (Table 20). During the first growth phase (40-50 days) the stem part 
of the plant showed almost twice as mueh RGR as the leaf component but at the later stages the 
differences narrowed down. In general the RGR of the whole plant and its component was 
considerably reduced with age of the plants. The results indicate that high RGR at the first 
stage of plant growth was accompanied by a relatively higher leaf/stem ratio than at the later 
stages of growth (I'able 21). It is evident from Table 22 that the leaf/stem ratio is a strongly 
associated character with the RGR of the stem component at both the stages of plant growth. 
Wliile the RGR values of the whole plant and its components were strongly associated amongst 
themselves within each growth phase, the same RGR values were strongly and negatively 
associated with their respective dry matter yield preceding to the respective growth phases 
(Table 22). Plants with low initial dry matter yield tended to grow more aggressively than the 
ones with high initial dry matter yield. Under sole crop situations branches of the Clitoria 
plants intertwine with each other resulting in considerable self shading effects and consequent 
loss of sun light utilization in photosynthesis. Self shading effects at the later stages of the plant 
growth may also be one of the reasons of reduced RGR values of the plants and its components. 
The results indicated that the selection for aggressive growth types could be based on high 
Icafmess of the plant.s. Very higli values of coefllcient of variation for each RGR value cit both 
the phases of plant growth indicate ample scope of selection of aggressive growth types in 
Clitoria. This legume by virtue of its fast growth habit and trailing nature has been recommended 
for mix cropping with tall growing grasses for increasing the nutritional value of the mixed 
swards (Crowder 1974; Singh and Singh 1688). 

Grass-legume compatibility and productivity 

The productivity of the grasslands is dominated by a few native grass species such as 
Sehima, Dichanthiim, Cenchrus, Heteropogon, Chrysopogon, Themeda, Iseilema etc. 
(Dabadghao and Shankarnarayan, 1973). These native grasses are characteristically low in 
protein content and their total dry matter digestibility is also very poor. Unfortunately, protein 
rich legume species are represented in very low number and their contribution to the overall 
productivity of the grassland is also meagre. The chemical fertilizers besides being’ costly are 



also environmentally hazardous if used on a large scale in the native grasslands. The cheapest 
way to improve forage quality and productivity , world over, has been through an extensive use 
of productive forage legumes in the native grassland (Donald, 1963; Patil and Kanodia, 1977; 
Shankarnarayan, et al. 1975; Velayudhan et al. 1977 & 1979; Chauhan and Faroda, 1979; 
Kanodia, 1984; Dwivedi, et a/. 1991; Trinbath, 1974 ;Bhana and Millar, 1978). The legumes 
not only fix considerable amount of atmospheric nitrogen into the soil but also improve the 
soil structure, organic carbon, phosphorous and moisture retention capacity (Singh, 1 988 ; 
Hazra, 1988 and 1 993 ; King, et al. 1 965). The ability to fix atmospheric nitrogen and organic 
carbon to the soil varies from one species to other. The main beneficiaries of legume mediated 
nitrogen fixation are the companion crops of cereals/grasses which are known to be heavy 
consumers of nitrogen. Amongst the indigenous legumes Clitoria ternatea, a productive pasture 
legume, ha-ve shown wide range of adaptability and persistency in arid to warm-humid areas of 
the country (Whyte, et al. ,1969; Chakravarty, 1 970; Singh and Singh, 1988; Singh and Gupta, 
1991). Introduction of (7/7om in (.'enchrus based pasture significantly increased total 
nutrient out turn as compared to Ccnchrus a\one ( Velayudhan, e/. a/, 1976). 

This legume has not been exploited in this country to any appreciable extent for upgrading 
the productivity of the native pastures. One of the main reason is an absence of relevant infor- 
mation on its production behaviour under mix crop situation against the different native grasses. 

, The results of various grass-legume combination treatments involving three native grasses 
viz. Chrysopogon fulvus, Heteropogon contortus and Cenchrus ciliaris and two legumes viz. 
Clitoria ternatea and Leucaena leucocephalla (subabul) have been reported in the present 
study. 

Dry matter (biomass) and crude protein yield 


When ( 'litoria was intercropped with subabul the mixed crop yield increased to 5.8 t/h 
DM Y and 1.137 OF yield (t/h) from the pure crop Clitoria yield of 2.59 t/h DM Y and 0.5 1 t/ 
h CP yield, registering a net gain of 124 % for DMY and 121 % for CP yield. The studies 
indicated (Table 26) that the most beneficial combination in terms of crude protein yield was 
Clitoria + Subabul (C?Y 1.137 t/h) followed by three species combination, Clitoria + Cenchru.v 
+ Subabul, (CPY 1.114 t/h). The later combination also had the highest DMY amongst all the 
treatments (9.75 t/h). 

Under the sole crop situation all the grass species except Heteropogon produced 
significantly higher biomass than Clitoria. Amongst the grasses Cenchrus produced maximum 
CPY (0.329 t/h) followed by Chrysopogon (0.295 t/h) and Heteropogon (0,133 t/h). The 
percentage CP in the forage was maximum for Clitoria (I9J %) followed by. Cenchrus (7.4 


%), Chrysopogon (5.7 %) and lowest for Heteropogon (4.6 %). As a result of very high 
crude protein content of Cliloria forage its CP yield in the pure stand was significantly higher 
(0.51 t/h) than the grasses (0.133-0.329 t/h ) despite the fact that its DMY was much lower 
than most of the grasses (Table 28). 

The legume Clitoria as a companion crop of the grasses helped to increase the DMY of 
the mixture {Cliloria + grass) by a margin of 8 % to 40 % over the sole stand of the grass and 
47 % to 140 % over the sole stand of Clitoria pure (Table 29). In terms of CP yield the only 
beneficial combination was Clitoria + Cenchrus where a gain of 17.6 % CPY over the pure 
stand of Clitoria was obtained. The grass Heteropogon despite being the lowest producer of 
DM and CP yield in pure stand was most benefited by its association with Clitoria. As 
compared to the pure stand of the grass, the grass + Clitoria combination registered a net gain 
of 174 % CPY in Heteropogon^ 73 % in Chry.sopogon and 82 % in Cenchrus (Table 30). In 
all the combination treatments of grass + Clitoria the proportion of the grass component in the 
total DM and CP yield of the mixture was 52 to 67 % for DM and 30 to 5 1 % CPY. 

All the combinations of the Subabul with the different grasses produced 3 1 to 63 % 
more DMY and 36 to 77 % more CPY as compared to Clitoria + grass combinations. The 
grass + Subabul mix crop yield registered an increase of 71 % to 1 1 3 % in DMY ard 1 50 % to 
384 % CP yield over the pure crop of the grass . In all the combinations of grass + Subabul the 
proportion of the grass component to the total DMY and CPY of the mixture was 43 to 60 % 
for DMY and 20 to 41 % for CP. Amongst the grasses Heteropogon contributed relatively less 
to the total biomass (52 % & 43%) than other grasses - legume combinations (Table 29). 

On the other hand Subabul combinations with the grass resulted in an increase of 26 to 
73 % CPY and the Clitoria + Subabul + grass 69 to 1 1 8 % over the pure crop of Clitoria. Ks 
compared to the pure crop of the grasses the CP yield of the Clitoria + grass plots increased 
by a margin of 73 to 1 74 % , Subabul + grass 1 50 to 300 % and Clitoria + Subabul + grass 2 1 5 
to 548 % (Table 30). 

When two legumes Viz. Clitoria and Subabul were mix cropped together with the different 
grass species the percentage increase in yield of the mixture was 1 59 % to 276 % in DM and 69 
to 1 1 8 % CP yield over the sole crop of Clitoria and 68 % to 131 % DM ^d 205 to 548 % CP- 
yield over the sole crop of the grass species. The three species combinations also resulted in an 
increase of 54 to 76 % DMY and 76 to 137 % CPY over Clitoria + grass (Table 29 & 30). ; 

The positive respon.se of the grass-legume combinations over the pure stands of the 
grass component increased progressively over the years. The average productivity of biomass 
from the grass-legume mixture increased from 4.60 t/h in the establishment year to 7.72 t/h in 
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the third year of growth, an increase of 68%. This benefit in yield potential is perhaps due to 
the significant increase in fodder yielding attributes mainly number of tillers/branches and 
plant height in component species (mostly in grasses). Stimulation of legumes on biomass 
production ol grass components might be due to its active participation in tiller development 
and tussucks growth (f’rey and Maldonado, 1 967). All the legumes measured to fix atmospheric 
nitrogen in the soils at one hand and its potential availability to grass component on the other 
hand (Dwivedi et al. 1 988). This system might be evident with the present study for biomass 
production. 

When Cliloria and Subabul together were intercropped with different grasses the relative 
contribution of the different components to the total biomass ranged from 20 to 27% for 
Clitoria, 34 to 45% for Subabul and 28 to 46% for the grasses. 

The result is of considerable significance because it reveals special adaptation/preference 
of the fast trailing legume CUtoria for the tree legume Subabul. In natural pasture conditions 
infested with wild bushes Cliloria may be the ideal legume forming a thick canopy of its 
trailing branches over the shorter growing bushe.s/trees which could easily be brow.sed by all 
types of wild and domesticated animals. 

One of the characteristic feature of all the grass-legume mixture is that the companion 
grasses are enriched by higher protein content in the forage at the expense of the legume 
components. Protein enrichment of grass through the association of legume was inversely 
related to the inherent value of the grass proteins under sole crop situations. The percentage 
proportion of protein in the Cliloria forage was reduced from a level of 19.69% as a pure crop 
to a level of 14 to 16.6% when intercropped with the different grasses. The crude protein 
content of the grass species increased from sole crop situation to crop mix situation with the 
different legumes. This increase was from 5.7 to 6.1% in Chrysopogon, 4.57 to 5.32% in 
’ Heteropogon and 7. 4 to 1.6% in Cenchrus. 

Effect of different interactions on dry matter and crude protein content of Clitoria 
ternatea 

In all the three years of the study the first cut yield of Clitoria in all the treatments was 
significantly higher than the second cut yield (Tables 3 1 -34). The first cut yield of the Cliloria 
and the mean yield of all the years was significantly higher in the pure stand and in combination 
with subabul than in any other grass-legume combination treatments. 

Environment in the different years had a profound effect on the dry matter yield (t/h) 
and its crude protein content (%) in Clitoria. The dry matter and crude protein content in 


forage decreased progressively, often significantly, from first year to the third year of growth. 
Only in case ofClitoria + Cenchrus + Subabul treatment there was a significant improvement 
in the crude protein content of the Clitoria forage from the first year to the third year of growth 
(Tables 35-38). 
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SUMMARY 


The legume Clitoria ternalea L. commonly known as butterfly pea is indigenous to 
India where it is adapted throughout the tropical regions in the rain tall range of 500 to 1500 
mm. It is a perennial pasture legume highly productive during the rainy season. Its potential 
has not yet been fully exploited for upgrading the productivity and the nutritional value of the 
native pastures. One of the main reason is a general lack of relevant information on the various 
aspects such as the extent of genetic diversity in the indigenous genotypes, factors related to 
its establishment in the pastiu'e and its production behaviour under sole and mix crop situations 
against the different native grasses. 

The present study was therefore carried out to (i) Assess the genetic diversity present in 
the germplasm collected from different parts of the country as well as characterization and 
cataloguing, (ii) Factors affecting the establishment of Clitoria ternatea in pastures viz. effect 
of various factors such as sowing depth, soil types, temperature and light colours on the 
germination of polymorphic seeds, (iii) Assessment of variability in important forage yielding 
attributes, (iv) Genotypic stability and (v) Compatibility of Clitoria with native grasses and 
tree component and its effect on quality and productivity. 

The basic maferial ol'lhe present study compiTses of 92 germplasm collected from major 
areas ol'ils distribution such as Rajasthan, 1 1 liar Pradesh, Delhi State, Madhya Pradesh, Gujrat, 
Maharashtra. Tamil Nadu, Bihar and West Bengal. For the study of genetic diversity all the 
Clitoria ternatea genotypes were grown in replicated trial and the data on various plant attributes 
and productivity was recorded for three consecutive years at the peak period of the plant 
growth, /.e. at 50% flowering stage. t 

The seed oi' ihc CUloria genotypes collected from the dilTerent parts of the country 
manifested considenible diversity in the seed coat colour patterns, 'fhe basic seed coat colours 
in Clitoria comprised of various shades of light brown to black colour and the different 
patterns developed through a uniform sprinkling of fine dots or speckles of various colour and 
sizes over the basic seed coat colour. The grey speckled seed coat colour types occurred most 
frequently followed by shining black and dark brown types with or without dottings or speckling. 

Clitoria is a profusely flowering plant and the flower petals (wing, keel and standard) 
particularly its wings conspicuously showed various colours. The deep blue colour was the 
most frequent followed by white or various shades of pink against white or light blue. 
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Under climatic conditions at Jhansi the flowering response of Cliioria genotypes was 
day neutral. Both vegetative and reproductive growth phases continued simultaneously till 
late September, afterwards the growth activity progressively ceased with the increase in seif 
defoliation and pods bearing by the end of November. A majority of the genotypes flowered 
in the medium range (43-46 days) followed by late and early flowering types. Due to day 
neutral behaviour of Cliioria plants the discernible genotypic coefficient of variations in 
flowering were rather low. 

Cliioria plants being a creeper show indeterminate growth and the growth occur.-, from 
the growing tips of the main stem and the auxiliary branches. Significant differences among the 
genotypes were observed for all the ten characters in each individual year of the study. The 
genetic diversity ‘amongst the genotypes was widest for green fodder yield followed by leaf 
number / plant and was comparatively low for branch number/plant and days to flower. The 
genotypes showed medium genetic diversity for the characters of elongation such as plant 
height and length of the branch. 

The important forage yielding attribute in Cliioria ternalea is the leafiness as determined 
by leaf number / plant and the leaf/stem ratio in the forage yield along with branch number and 
branch length. The studies reveal that there is considerable amount of genetic diversity in these 
forage yielding attributes and there is wide scope for selecting high forage yielding types in 
( 7/tor;V/ on the basis of profu.se leafiness and branching attributes. 

The results indicated that the pure stands of Cliioria plants in the establishment year had 
the highest leaf/stem ratio and the longest branch as compared to its regrowth performance in 
the following years. The second year of regrowth was characterized by an overall increase in 
size of the plants including branching behaviour, leallncss and maximum realization of yield 
potential, (both GFY and DMY) as compared to any other year of growth. The aggressive 
vigour of the Cliioria plants in the second year appears to be linked with the maximum foliage 
entailing largest surface area available for photo.synthetic activity. The unique feature of the 
Cliioria plant in pure stand is that its protein content continues to increase from the first year 
to the third year of growth. 

The classification of the ( 'litoria genotypes in the present study was based on the index 
score method developed by Anderson (1957). 'fhe sum of the indices for all the 10 characters 
provided a multi-character expression data for each genotype separately. Based on the total 
index values the genotypes were classified into 15 divergent groups irrespective of their 
geographical origin, indicating thereby existence of considerable genetic diversity within the 



major geographical areas of distribution of Clitoria ternatea in this country. The group of 
genotypes with low total index values were the less vigorous growth types than those with 
higher values. A majority of the genotypes were represented in the high and very high index 
score groups. One of the important factor in the creation of considerable amount of genetic 
diversity in the localised populations is the prevalence of occasional out crossing which create 
an spectrum of segregating progenies over the generations. When these segregating popu- 
lations arc subject to long term natural selection pressure the result is the evolution ofextremely 
divergent growth forms along with several intermediate growth forms. Presence of divergent 
growth forms in the materials from the same region may as well indicate that th ■ dilTerent plant 
types may have occurred due to an exchange ofgenctic material at dilferent periotls between 
the diflerent regions. 

Sjnee, major interest of the plant breeders lies in the identification of elite plant types 
with important agronomic traits, a concise key to the identification of such genotypes have 
been developed ba.sed on five economic trails such as plant height, branch number /plant, dry 
matter yield / plant, leaf-stem ratio and protein contents (%). The study revealed 70 dilferent 
plant type groups, of which 53 were represented by a single genotype each followed by 14 
groups with two genotypes and the remaining three groups by three genotypes each. The 
technique helped in identifying eight elite lines with the most favoured combination of high 
grades of all the five economic traits. 

A proper characterization, cataloging and documentation of germplasm in the Clitoria 
ternatea based on twelve morphological traits have been prepared to depict the extent of 
genetic diversity available within the indigenous material. This catalogue would be useful as a 
ready reference to the researchers and help them to identify suitable types for use in the crop 
improvement programmes. 

Differential response of various treatments viz. sowing depth, soil types, temperature 
and colour of light illumination was observed on germination of different category of Clitoria 
seeds. It infers that different groups of Clitoria seeds have genetic differences among themselves. 
The seed germination decreased progressively from a maximum at 2 cm soil depth to a minimum 
at 8 cm. The different seed types had a dilTercnlial response to the sowing depth, but the types 
showing maximum germination at shallow' depth were the most adversely affected at greater 
depth of sowing. Amongst the soil types studied mixed type of soil was most conducive to seed 
germination followed by organic soil, red soil and the least in the black soils. 

The studies indicated that for C 'litoria seed germination 35"C was most conducive closely 
followed by 25‘’C and minimum at the lowest temperature S^C. The optimal temperature 
requirement for the maximum seed germination varied significantly with the different kinds of 


seeds. Lowest effect of temperature was noted for brown seeded type ILCT 261. 

The effect of different colours of light on seed germination was significant on the different 
types of the seed. While maximum germination in six out of eight seed types was observed in 
the total darkness, next in promoting germinability was violet colour for grey seeded, red 
colour for bluish grey and brown seeded types. 

A highly stable genotype with high yield potential is a prerequisite for the release of a 
cultivar for wide scale cultivation. In the present study the stability analysis on eight .selected 
genotypes was made using Eberhart and Russel ( 1 966) model. The components of the stability 
worked out are; the varietal means and the general mean of all the varieties for each location; 
Linear regression (bi) of the varietal means with the general mean for each location, and deviation 
from the regression for each variety (S^ di). 1’he varietal differences due to Clitoriu genotypes 
were significant for dry fodder yield (DFY t/h), crude protein yield (CPY t/h) and .seed yield (t/ 
h). All these characters along with green fodder yield (GFY t/h) also showed significant linear 
environmental effect, indicating a favourable response of environment on the exprcs.sion of 
these traits. A significant effect of the variety Aenvironment on the dry matter yield (l/h), crude 
protein (t/h) yield and leaf/stem ratio also indicated differential response of the varieties to 
environment on the expression of these traits. The varietal differences for plant height, branch 
number/plant, GFY/plant and leaf-stem ratio was not significant. The environmental influence 
both linear and non linear as well as variety X environment interaction effects on all these 
characters were highly significant. These studies suggest that the forage attributes in the species 
Clitoria lemalea which shows indeterminate vegetative (trailing type) growth with no clear 
cut difference between the vegetative and reproductive growth phases are predominantly 
influenced by the environmental effects rather than by genetic effect. The results. indicated that 
only two characters namely DM Y (t/li) and CPY (t/h), for which the varietal differences as well 
as variety A' environment effects were significant, appeared to be the most important for the 
stability analysis of the genotypes. Out of eight genotypesonly two namely IlCT 249 and IlCT 
278 had very high mean dry fodder and crude protein yield; and with regression coefficient in 
the range of 1 .08- 1 .46 alongwith insignificant standard deviation qualify to be the most stable 
variety. 

Relative growth rate (RGR) is an index of the plant’s potential to accumulate dry matter 
over a given period of time. An aggressive growth form is the preferred type for mix crop 
situation where the legume is to compete for the available resources of moisture, nutrients and , 
light. The RGR studies were conducted on eight elite .selections of Clitoria at two .stagc.s of 
growth, i.e, 40-50 days and 5 1 -60 days. 'I'he result indicated considerable genotypic variation 
in the whole plant growth rate and the growth of its components such as leaf and stem at both 
the stages of plant growth. During the first growth phase (40-50 days) the stem part of the 
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plant showed almost twice as much RGR as the leaf component, but at the later stages such 
differences were not as much clearly marked. In general the RGR of the whole plant and its 
components was considerably reduced with age of the plants. The results indicated that high 
RGR at the first stage of plant growth was accompanied by a relatively higher leaf/stem ratio 
than at the later stages of growth. The leaf/stem ratio was strongly associated character with 
the RGR of the stem component at both the stages of plant growth. Plants w'ith low initial dry 
matter yield tended to grow more aggressively than the ones with high initial dry matter yield. 
The results indicated that the selection for aggressive growth types could be based on high 
leafmess of the plants. Very high values of coefficient of variation for each RGR value at both 
the phases of plant growth indicated ample scope of selection of aggressive growth types in 
Clitoria. This legume by virtue of its fast growth habit and trailing nature could be 
recommended lor mix cropping with tail growing grasses for increasing the nutritional value 
of the mixed swards. 


The results of various grass-legume combination treatments on productivity and nutritional 
quality involving three native grasses viz. Chrysopogon fulvus, Heteropogon contortus and 
Cenchrus ciliaris and two legumes viz. Clitoria ternatea and Leucaena leucocephallaimhahvX) 
have been reported in the pre.sent study. 


Under the sole crop situation all the grass species except Heteropogon produced 
significantly higher dry matter yield than ( '///o/vn. The percentage ('P in the ( 'liioria forage 
(19.7 %) was nearly three times to that of the grasses (4.6 - 7.4 %). As a result of very high 
crude protein content Clitoria forage its CP yield in the pure stand was also .significantly 
higher than the grasses. Amongst the grasses ( Vnc/7rw.Y as a sole crop produced maximum 
CPY I'oWowcii by Chryso/yogon and Heteropogon. 


The legume Clitoria as a companion crop of the grasses helped to increasejhe dry 
matter and crude protein yield of the mixture {Clitoria + grass) by a significant margin c ver the 
sole stands and of the grass, lint when compared with the CPY of the pure crop oi' Clitoria 
the only beneficial combination was Clitoria + Cenchrus where a gain of 17.6 % CPY \yas 
obtained. The grass Heteropogon de.spite being the lowest producer of DM and CP yield iri' 
pure stand was most benefitted by its association with Clitoria. 


All the combinations of the Subabul with the different grasses produced significantly 
higher DMY and CPY as compared to the pure crop of the grasses and also to all the Clitoria 
+ grass conibinations. When two legumes Viz. Clitoria and Subabul together were mix cropped 
with the different grass species the percentage increase in yield of the mixture was 159 % to 
276 % in DM and 69 to 1 1 8 % CP yield over the sole crop ol' Clitoria nnd 68 % to 1 3 1 % DM 
and 205 to 548 % CP yield over the sole crop of the grass species. The three species armbinations 


J.3© 


also resulted in an increase of 54 to 76 % DMY and 76 to 137 % CPY over Cliloria + grass. 
As compared to the pure crop of the grasses the Cl^ yield of the Cliloria + grass plots increased 
by a margin of 73 to 1 74 % , Subabul + grass 1 50 to 300 %. 

In all the combination treatments of grass + Cliloria the proportion of the grass component 
of the mixture was 52 to 67 % for DM and 30 to 5 1 % CPY. In all the combinations of grass + 
Subabul the proportion of the grass component to the total DMY and CPY of the mixture was 
43 to 60 % for DMY and 20 to 41 % for CPY. When Cliloria and Subabul together were 
intercropped with different grasses the relative contribution of the different components to the 
total biomass ranged from 20 to 27 % lor Cliloria, 34 to 45 % Ibr Subabul and 28 to 46 % for 
the grasses. 

The studies indicated that the most beneficial combination in terms of crude protein 
yield was Cliloria + Subabul followed by three species combination, Cliloria + Cenchrus t 
Subabul. The later combination also produced the highest DMY amongst all the treatments. 

■fhe positive response of the grass-legume combinations over the pure stands increase 
progressively over the years, fhe average productivity of biomass from the grass-legume mixture 
increased from 4.60 t/h in the establishment year to 7.72 Ch in the third year of growth, an 
increase of 68% . 


'fhe result is of considerable significance because it reveals special adaptation / preference 
of the fast trailing legume Cliloria for the tree legume Subabul. In natural pasture conditions 
infested with wild bushes Cliloria may be the ideal legume forming a thick canopy of its 
trailing branches over the .shorter growing bushes/trees which could easily be brow.sed by all 
types of wild and domesticated animals. 

One of the characteristic feature of all the grass-legume mixture is that the companion 
grasses are enriched by higher protein content in the forage at the expense of the legume 
components. Protein enrichment of grass through the a.s.sociation of legume was in versely 
related to the inherent value of the grass proteins under .sole crop situations. I'hc percentage 
proportion of protein in the Cliloria I'orage was reduced from a level of 19.69 % as a pure 
crop to a level of 14 to 16.6 % when intercropped with the different grasses, 'fhe crude protein 
content of the grass species increased from sole crop situation to crop mix situation with the 
different legumes. This increase was from 5.7 to 6.1 % in Chrysopo^ion, 4.57 to 5.32 % in 
Heteropogon and ! A {o 7 .6% in Cenchrus. 

In all the three years of the study the first cut yield of Cliloria in all the treatments was 
significantly higher than the second cut yield. The first cut yield of the Cliloria and the mean 


yield ofall the years was signillcantly higher in the piir^ stand and in combination with subabul 
than in any other grass - legume combination treatments. 

Environment in the different years had a profound effect on the dry matter yield and its 
crude protein content (%) in Clitoria. The dry matter and crude protein content in forage 
decreased progressively, often significantly, from first year to the third year of growth. Only in 
case of Clitoria t ( 'enchrus + Subabul treatment there was a signilicant improvement in the 
crude protein content of the Clitoria forage from the first year to the third year of growth. 
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